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| underſtand the Science of the Mo- 
ii tion of Fluids, and the Conſtruction 
| of all Kinds of Inftruments and Machines 
—_ relating thereto; alſo the Nature of Springs, 
| the Theory of the Tides, &c. are uſually 
explain'd under this Head. 2 
| THE Motion. ꝙ Fluids, viz. their De oſeent 
1 or Riſe below or above the common Sur- 
4 face or Level of the Source or Fountain, is 
it cauſed either (1.) By. the natural Gravity 
; or Preſſure of the Fluid contained in the 
1 Reſervoir or Fountain; or (2.) By the 
0 Preffure or Weight of. the Air on the Sur= 
i face of the Fluid in the Reſervoir, when 
l It is at the ſame Time either taken off, or | 
{4 diminiſhed, on ſome. Part in Aqueducts, | 
or Pipes of Conduit... (3:) By the Spring 
| . or elaſtic Power of compreſſed or con- 
kh denſed Air, as in the common Water-En- 
0 sine. (4.) By the Force or Preſſure of 
| Piſtons, 


| a 
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Piſtons, as in all Kinds of forcing Pumps, 
Ge. (J.) By the Power of Attraction, as 


in the Caſe of Tides, Ec. Of all which 


in Order. 

I, THE. moſt natural” Motion & Fluids 
is that ariſing from the Force 'of their own 
Gravity, by which thoſe Parts which Rand 
higheſt preſs upon others below them, till 
by that Means they riſe to the fame py 
zontal Level. Thus Water in a Foul 
ABCD by its Preſſure raiſes that in 2 
Aqueduct FG H to the ſame Height 1 K 5 
EM, in every Direction or Poſition of the 


Duct GH or GN; unleſs the Orifice of 
the ſaid Duct be below that Level, in 'whiekt . 


Caſe the Water will eontinually flow from 
the ſame. The Reaſon hereof is evident 
from the Principles"6f H ydroftatics, where 
it was ſhewn, that the Preffurs of 'Flnids was 
in Proportion to the Altitude only, and not acs 
cording to the Quantity here arid therefort 
the Effect or Riſe of the Fluid in the Duct 
muſt be equal thereto. © Or thus; Te Velo- 
city of the Fluid in the Duct᷑ at L, fs to that 


in the Fountain at I K, as the Quantity of 


the Fluid in the Fountain is to that in the 


Du# in given Altitudes; whence (from the 


Principles of Mechanics} the Momentum of 


the Fluid in each will be equal, and con- 


B32: =: ſequently 


Pl. XV, 
Fig. 3. 


, 


HyDRAULICS. 
ſequently an Eguililrium will : enſue at 


Hur 


(LXIX.) 1. Since the Particles of Fluids are to be 
conſider d as ſmall folid Bodies, they muſt obſerve the 
ſame Laws of Motion, and have their Momenta deter- 
mined in the ſame Manner, as Bodies of larger Mag- 
nitude; that is, by the Maſſes or Cuantities of Matter 
drawn into their Velocitiet. | "nt; 
2. Now'*tis evident the Velocities of the Fluid in 
the Reſeryoir A D, and in the Dut SL, muſt be as 
the Quantitits of Matter, or of the Fluid, contain'd in 
equal Altitudes in each inverſely; that is, as the Cylin- 
der TV WL to the Cylinder IC DK. For when all 
the Fluid in the Cylinder IC DK is paſs'd into the 
Tube SH, it will fill a Space above VW in that Tube, 
or make a Cylinder equal to the former. Now ſinee 
all Cylinders are as their Baſes and Altitudes jointly ; 
if B be the Baſe, and'H = the Height or Altitude of 
the Cylinder IC DK; and , h, the Baſe and Altitude 
of the equal Cylinder in the Tube above V W ; then 
becauſe B XH SIX b, we haveH :h::b; B, but 
the Altitudes H and h are the Spaces paſs'd thro' in the 
ſame Time, and will therefore repreſent the Velocities 
of the moving Fluid; but # is to B as the Cylinder 
TW to the Cylinder 1 D; (for C:linders of equal Al- 
titudes are as their Baſes) therefore H: h:: TW: ID. 
Or the Velocities are as the Quantities of the Fluid 
contain'd under equal'Altitudes inverſely, L Alt! 

3. Or it may be otherwiſe eaſy to underſtand that the 
Water can riſe no higher in the Tube 8 H than in the 
Reſervoir AD, becauſe (ſuppoſing the Duct every where 
of an equal Bigneſs, and therefore EQ = TL) tis 
plain, if we continue FE to O, and R Q to P; that 
then only that cylindric Body of the Fluid in the Reſer- 
voir which ſtands over the Orifice of the Dut EQ, 
that is, only the Cylinder of Water OEQP can affect 
or preſs upon the Water in the Duct; for all the Fluid 
(beſides this Cylinder) ſtands over, and therefore preſſes 
upon the Bottom of the Reſervoir, as CE and Q D, 


and 


HY DRAULI CS. 


' HENCE we have Conduits often ſupplied 
with Water from Springs which lie above 
them; and Cocks to ſupply the Inhabitants 
of a Town with Water by Pipes of Con- 


duct proceeding from a Reſervoir in a Si- 


tuation 


b *; bags 


and ſo by equal Re-aRtion has all its Force deſtroy'd. 
The Water therefore will deſcend through the Orifice 
E Q, till by its Preſſure it has raiſed a Quantity in the 
other Leg 8 H equal to the Cylinders OQ.+ QF, and 
therefore to an equal Height; and thus the Preſſure 
at FR and 8 G being equal, there muſt be an Equi- 
librium. | ; TIES BE) THT? . 

4. That it ought to riſe to the fame horizontal Level 
M in the inelined Tube 8 N, whether that. Tube be 
leſs, having an elliptic Baſe, whoſe Jongeſt Diameter 
is $ X; or whether it be equal. to the Tube S H, as 
having the ſame Baſe ;; or, laſtly, if it be greater, as 
having a circular Baſe on the Diameter 8 G; ſay, that 
in every Caſe it ought to ciſe to the ſame Level ZM is 


evident, becauſe there can be no Equilibrium till the 


Preſſure of the Fluid in each Tube, or on each Side 
the Baſe 8 X, or $ G, be equal; that ſo, being con- 
trary, they may deſtrgy each other. But there can 
never be an equal Preſſure on each Side the common 
Baſe, unleſs there be an equal perpendicular Altitude 
of the preſſing Fluid on each Side, becauſe (as we have 
ſhewn, . Annot, LIV.) the, Preſſure of Fluids on any 
given Area or Baſe is ever praportional to the Altitude 
of the Fluid, and that only: 
5. Hence it appears, that an Inſtrument like this in 
the Figure may ſerve, very well to take a Level for a 
imall Diſtance, or to draw à Line truly horizontal; for 
the two Points I and M will always be in a true hori- 
zontal Level or Line. But for this Purpoſe the Tube 
8 G ſhould be at leaſt £ of an Inch Diameter, to avoid 
the riſing of the Fluid by, Attraction; it ſhould alſo 
move very nicely by a Joint fixed on to the Part F S. 
B 3 
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tuation above the high Part of ' the Torn 


(LXX.) | 12 * 
| HENCE 


PI. XVI. (LXX.) 1. Let AC DB be a Reſervoir with a 

Fig. 8. Duc or Conduit-Pipe FK L, and at L turn'd off from 
the Perpendicular to give the Water by a Stop-Cock 

into a Ciſtern for the Uſe of a Family. It is plain the 
Water will iſſue out from L with — ſame Force as it 
| would be made to riſe to the Height LO, were the 
1 Tube or Pipe continued upright to O; for on one 
Side the common Baſe K, the Preſſure when the Cock 
is ſhut) is proportional to the Altitude K, but on the 
other it is only LK; the Difference therefore, EI 
LO, is the Force of Preſſure by which the Water is 
| protruded from the Cock at L. In the fame Manner 

i it is ſnewn, that the Foree by which i it is made to ſpout 
from the Cocks at M and Nis proportional to the Al. 

titudes HE and. G E, or MO and NO, of the Fluid 

in the Reſervoir above them: - 211; 4d 

2. The Running of Rivers is upon the ſams-Ptinciple? 

as the Deſcent of Bodies on inclined! Planes; for Ways 

ter no more than a Solid can move on an horitontabi 

Plane, the * of ſuch — Plane — — and 

to it, an ves the 

„ Body af reſt 2 pro yer 1 of ſmall Ex- 
{of tent, and ſuch as coineides with the curved Surface of 
Ml the Earth. But if we conſider a large Extent or long 

1 Courſe of Water, then we ſhall find that ſuch Water 
10 can never be at Reft, but when the Bottom of the Chan- 

nel coincides every "where with the curved Surface 2 , 

h the Earth. MOT? 

1 Fig. 9 3 Let ADF be' the curved Surface of the Earth, 

0 its Centre, CD, CE two right Lines drawn from 
i thence,” and E Ga Tangent to the Earth in the Point 


0 D. Then 'tis plain if B D were a Channel of Was 
Wl! ter, the Water could not run, or move, becauſe they 
are every where at an equal Diſtance from the Centre 
C, and therefore equally affected by Gravi But if 
there be any Place above the Surface of the arth as E, 

where Water can be found, tis evident that Water 
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| Hence alſo the Deſcent of Water in 
Rivers, Streams, and Canals, from Springs 
_ 


can deſcend in a Channel to any Part of the Earth's 
Surface between B and D, becauſe every Point in the 
Line E D is nearer to the Centre of the Earth, and 
therefore below the Point or Place E; and its Velocity 
will be ſo much · the greater as it tends to a Point nearer 
B, and ſloweſt of all, when it moves in the Direction 
of the Tangent EDPñU .... 4 f 
4. Hence it appears that the Source E of all Rivers 
and Streams muſt be more than a Semi- diameter of the 


Earth CB diſtant from the Centre C. And ſince all 


great Rivers run to the Sea or Ocean, here they diſ- 
embogue their Waters at the Point D, the Line DC 
is a Semi- diameter, and 4000 Miles nearly. Alſo 
the Courſe of all long - Rivers being in the Direction 


of the Tangent at the Point D, if they were repreſented 


by the Tangent-Line E B, then the Height of the 
Source E above the common Surface of the Earch at B 
would be eaſily found; Fhus, ſuppboſe E D were the 
River Niger in 7 "whoſe Source is more than 3000 
Miles from the Sea; but put ED = zoo and ſince 
CD = 4000, we ſhall have CE ooo, and CE 
CB. 1000 = BE S the Height of the Source. But 
ſince we know of no Mountains above three or four 
Miles high, it is plain the River Niger, and all ſuch 
long Rivers, are fo far from moving in a Tangent, that 
their Courſe muſt be very nearly of the ſame Curva- 
2 with the Earth's Surface, and inſenſibly diſtant 
rom it. "| 
5. Since Bodies move on Planes ever ſo little in- 
clined, except fo far as they are prevented by Friction, 
and ſince the Friction of the Particles of Water among 
themſelves is inconſiderable, it falluws that the Water 
ſituated on a Plane ever ſo little incline will commenco 
a Motion; and if the Plane be conſiderably inclined, 
and the Quantity of Water great, its Velocity will be 
proportional, and its Momentum ſuch as will ſoon begin 
to wear away tae Earth, and create itſelf a Courſe or 
B 4 Channel 


66 ont-of Springt 


Laws of Gravity, the V 


HyD&aULlCh; 
and Sources above the common Surface of 


at 


Channel to gude in. In Rivers that are made, it is 
uſual to allow the Fall of one Foot in 300. 

6. If we allow the ſame Declivity to Rivers which 
make their own Way, then we find their Height at their 
Source above-the common Surface of the Sea, as in Ex- 


ample of the Niger thus : : As 300 1 5280: 5 = 


the Height ac one Mile, 4 5280 Feet. Then again 
ſay, as 1: . . = 5280 X 10 
= To Mues. TIE whence it i is evident, that ws 


. 


the pond of Water oro a a the common 
article at — 
Part of the Bottom of the G2 as F or H, will be 
the ſame as it would acquire by falling through the per- 
pendicular Altitude OF or L. H, (by Annotat. XXVII. 


Art. q.) that is, as OF to LI (by Annotation 
XXVI. Art. 4.) Hence the Velocity of the Stream 
ts accelerated. 

8. For the fame Readon We Velocity of a Particle at 
the Bottom of the Stream H is to the Velocity of -a 


Particle at the Top G, as * LH to V MG; ; conſe- 
quently the Stream moves with a greater Celerity at 
* than at Top. 

The Quantity of Water which paſſes through the 
Sedtion of the San HG is the ſame that paſſes. 
through the Section of the Reſervoir B C in the ſame 
Time. The ſame may be ſaid of any other Section 
FE; therefore the * of Water paſſing by any 

WE 
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at the Bottoms and on the Sides of Hills, 
un nenn ines inch” 
two Seftions of the Stream FE and GH. in the fame 


Time is the ſame. , 
to. Since there runs the —f Quantity of Water by 


GH as by FE in the ſame Time; and ſince. the Ve- 


locity at & H is greater than at FE; and laſtly, ſince 
the Breadth of the Canal is ſuppoſed to be every where 
the ſame; therefore it follows, that the Depth G H 
muſt be leſs than the Depth. F E, and fo. the Depth of 
the Stream muſt continually decreaſe as it runs. 

11. As the Stream „the Depth H G de- 
creaſing, the Lines MG and LH will approach nearer 
to an Equality, and therefore the different Velocities-of 
the Water at Top and Bottom will approneh much 


faſter to an Equality, 28 being eee o * 


Square Roots of thoſe Linde e gs 


132. This Approach to peng ty-iv rack fe | 
promoted by the uppe Far be 


rated by the lower, wort the lower Sad — = 
e by the ſlower Moti of the Waters above, 
incumbent and preſſing upam them! ate Jo e 
13. Since the Difference of the defcending Veloct- 
ties, or the relative Velorities, àre eſt near the 
Beginning or Head of the Stream ther Waters will 
there fall or deſcend with the renn 
rauſe the loudeſt Noiſe. . H 

14. In the Courſe of Rivers, the 8 Vele- 


city is . to un eq uab le or uniform Velo— 


city, by the Reſiſtance it meets with from the Bottom 
and Side 
the Squares of the Velocities, and therefore ſs0n be- 
come ſo great as to equal the ac erating Force, and 
be communicated to the middle Parts 0 the Stream, 
cauſing the Whole to move uniformly; - 
15. Hence in Rivers the Motion of the Water is 
ſloweſt at the Sides and Bottom of the Channel, be- 
cauſe there the Reſiſtance begins, and i is communicated 


fo all other Parts, 


16. In 


of the Channel, which Robtance will be as: 


10 


nal Parts abote them; which receive their 
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Waters from Rain; Dew, condenſed Vapours, 


melted Snow, &c. diſtilling or percolated 


through the Pores or Creviſes and Chaſms of 
the upper Part of the Earth (LXXI.) 


16. In lifferent Parts of the ſame River the uniform 
Velocity is greateſt where the Bottom of the Channel 
has the greateſt Inclination or Declivity, becauſe the re- 
lative Graviey of the moving Particles is here greateſt, , 

17. In thoſe Parts of the River where the Velo- 
City of the Stream is leaſt, the Depth of the Water is 
the greateſt, and vice * Becauſe equal Quantities 

aſs through unequal Sections of the River in the ſame 

ime. — alſo it follows, that the Momentum of 
running Water muſt be every where the ſame, or a 
given Goantiry. | 9 ror d ome 8116 
(LXXI.) 1. Various have been the Theories, or ra- 
ther Hypotheſes, relating to the Origin of Fountains, 
many of which have ſavour'd ſo little of Philoſophy, 
that they ſcarce deſerve to be mentioned or confuted. 
Thoſe who pretend to derive the Waters of Springs 
from the Waters of the Sea by ſubterranean Ducts, 
ſeem either wholly ignorant of the hydroſtatic Laws. 
of Fluids, or reſolved to maintain a Theory by meer 
dint of Hypotheſis. b 5 3 8 

2. For let EC AF be a Part of the Earth's Surface 
covered with Water at A; ſuppoſe ABC a ſubterra- 
nean Duct, by which the Waters deſcend to the internal 
Parts of the Earth towards B; if B be the loweſt Point, 
or that neareſt the Centre of the Earth, the Water will 
be forced to riſe from B to C by the Preſſure of the 
Water in the Part AB. But when the Water is ar- 
rived to C it will there ſtop, and an Equilibrium will 
neceſſarily enſue, (from what we have ſhewn in Annotat. 
LXX,) Conſequently no Water can riſe above C to the 
Top of the Mountain D by the Force of Preſſure ; and 
we can ſhew no other Power in Nature to drive it 
thither; and therefore ought to ſuppoſe none. 


3. They 


HY D RAUAUu cs. 11 
By the Preſſure oft the »Fhiid it myßß 


1r 
's, eaſily. be convey'd over Valleys and Hills 
d 1 . 8 * > by 


3- They who advance the Capillary Hypotheſis, or 
ſuppoſe the Waters riſe from the Depths of the Sea 
through the porous Parts of the Earth, as it riſes in 
Capillary Tubes, or Tubes of Sand or Aſhes, : ſeem 
not to conſider one principal Property of this Kind of 
Tube, or this Sort of Attraction; for though the Wa- 
ter riſe to the Top of the Tube or Sand, will it 
riſe no higher, becauſe it is by the Attraction of the 
Parts above that the Fluid riſes, and where that is 
wanting it can riſe no farther. Therefore, tho” the 
Waters of the Sea may be drawn into the Subſtance of 
the Earth by Attraction, yet cam it never be. raiſed by 
this means into a Ciſtern or Cavity to become the Source 

of Fountains. „em 33} n 

4. The true Principles which ſupply the Waters of 
Fountains or Springs, are undoubtedly melted” Soto, | 
Rain-Water, and condenſed Vupourt. Sevtbral have at- > 
tempted to ſolve the Phanomena'by Snow or Nain only; 
but others making an Eſtimate of the Quantity of Rain 
and Snow, that falls in the Space of 'a Fear, to ſee if 
it would be equal to that which the Rivers difcharge 
annually into the Sea, found that it was much ſhort of 
that Quantity. ute PT; f1Q;{eSD4141 

5. But that which was moſt extraordinary was, that 
they found by their Experiments, that the Rain and 
Snow which fell in one Year would not produce more 
than ; of what was raiſed in Vapour; for by Experi- 
ment it was found, that the Rain'and Snow that fell in 
a cylindric Veſſel, raifed a Column of Water about 19 
Inches high; whereas the Water raiſed in Vapour was 
yearly about 32 Inches in Altitude. This great De- 
ficiency of 13 Inches plainly indicated another Way, 
by which the Waters circulated from and to the Sea. 

6. This (among many other Things) was left to the 
Diſcovery of that ſagacious Naturaliſt Dr. Halley; who 
being on the Tops of the Mountains in the Ile of St. 
Helena (in South Lat, 16h making his PR 

| or 


— 
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by bended Pipes or Syphons, from Ponds 
or Refervoirs' in a | higher Situation; which 
the 


for a Catalogue of the Southern Stars, (about 800 Yards 
above the Level of the Sea) found that Quantity of 
Vapour, which there fell in Dew, was ſo great, as 
very much impeded his Obſervations, by covering his 
Glaſſes over in 6 or 7 mn, even when the Sky was 
14 clear. 

al 7 Upon this Re wes: induced to determine by Ex- 
1 periment, the Quantity of Vapours raiſed from the ur- 
1 face of the Sea, as mc as it ariſes from Heat; for other 
55 Cauſes, as Wind, and. the Warmth of common Air, 
| 1 contribute to exhale the Water, as the ſame Gentle- 
| 


10k man found by making the Experiment in a cloſe Room, 

1 - where 8 Inches Altitude of Water was exhaled in one 

1 Taeear; and *tis well known from common, Obſervation, 

"3k that a ſtrong Wind will carry off a great Quantity of 

Water in a few Hours time, as in the late Januar) 

Storm ſeveral ſhallow Ponds had all their Water blown 

| | away by the Wind in one Day. Alſo, we find by 

15 Experience, that one windy Day will make the Were 
| dryer after Rain than 3 or 4 Days Sun-ſhine. 

8. But the Doctor's Deſign was to ſee what Quantity 

1 was evaporated by the Heat of the Sun only, For this 

il Purpoſe he inſtituted the Experiment in the following 

„ 


Wl Manner: He took a Veſſel of Water, and made it falt 
Wl to the ſame Degree with Sea Water, by Means of the 
fl. Hydrometer, - _— he placed a Thermometer, and 
by a Pan of Coals he ES the Water to the ſame 
egree of Heat with that of the Air in the hotteſt 

| þ Summer. 
1'® 9. This done, = affixed the Veſſel of Water, with 
13 the Thermometer in it, to the End of a Pair of Scales, 
| n and nicely counterpoiſed/it-with Weights in the other; 
then at the End of two Hours he found by the Altera- 
tion made in the Weight of the Veſſel, that about the 
both Part of an Inch of the Depth of the Water was 
gone off in the Vapour, and therefore in 12 Hours, one 
Tenth of an Inch would have been evaporated. Note, 
2 12 Hours 
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the Ancients being ignorant of, were at 
vaſt Pains and Expence very often to 
effect. Hence the running of Water 


_ through 


12 Hours only are here allow'd for the Time of Exha- 
lation, that being the Length of the Day at a Mean; 
and in the Night, as much, if not more Water returns 
by Dew than is exhalec. . 
10. Upon this Suppoſition, every 10 ſquare Inches 
of the Surface of the Water yields in V apour, per Diem, 
a cubic Inch of Water, which weighs 2535 Grains 
Trey; therefore every ſquare Foot will yield Z a Pint 
Wine Meaſure; every Space of 4 Feet ſquare, a Gallon ; 
and every ſquare Mile 6914 Tons. A Degree ſquare 
{reckoning 69 Engli/s Miles to a rs} will produce 
3 Million of Tons; and if the, Mediterrantan he 40 
— long, and 4 broad (the narrow Parts com- 
enſating for the broader) which is the leaſt that can 
be ſuppoſed, then will there be in its Surface 60 ſquare 
Degrees, which will evaporate per Diem, 5280 Millions 
of Tons in the Summer 'Fime; ME Tt BW... 
11. The Mediterranean receives: Water from the fol- 
lowing nine great Rivers, ws. The Iherus the Rhone, 
the Ther, the Po, the Danube, the NVeiſter, the Bori/?- 
henes, the Tanais, and the Mt; all the reſt being of 
no great Note, and their Water inconſiderable. Each 
of theſe nine Rivers (together with all the ſmaller) ate 
ſuppoſed to bring as mach Water to the Sea, as is equal 

to ten Times the Water of the Thames, at leaſt. 
12. In order to eſtimate the Quantity of Water, 
which paſſes daily through the Thames, the Doctor aſſumes 
the Breadth of the River at King/ion Bridge (where the 
Flood ſeldom reaches) to be 100 Vards, and the Depth 3; 
ſo that the Section of the Channel is 300-ſquare Yards 
and allowing the Velocity of the Water to be at the 
Rate of 2 Miles per Hour, there will run in 24 Hours, 
the Length of 48 Miles, or 84490 Yards ; therefore 
84480 X 300 25 3440 cubie Yards, which make 
20300000 Tons which the River Thames yields per Diem. 
13. Now each of the above nine Rivers being ſup- 
poſed to bring ten times as much as the Thames, = 
| viele 


13 
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through the bended Syphon accounts for the 
odd Phænomena of intermitting and reci- 


Procating 


yield 203000000, or 203 Millions of Tons, and there- 
fore all the nine will produce 1827 Millions of Tons; 
which is but little more than 4 of the Quantity (5280 
Millions of Tons) evaporated every Day from the Sea. 
The 3 nearly of this prodigious Quantity of Water, 
the Doctor allows to Rains which fell again into the 
Seas; and to the Rain imbibed by the low Parts of the 
Earth, and ſpent in Vegetation in general. 

14. The Quantity of Water exhauſted from the Me. 
diterranean, being ſo much greater than what is return'd 
by the Rivers, is the Occaſion of the Water's ſetting 
in from the Ocean, to ſupply the Deficiency, by a con- 
tinual Influx or Stream, which before this Diſcovery 


was quite unaccountable, Alfo, hence it appears, why 


the _ Sea, though it receives the Waters of many 
large Rivers, is yet never liable to overflow; becauſe 
the Waters, brought in by the Rivers, are exhauſted 
by the Sun, Wind, Sc. Yea, the Difficulty is on the 
other Hand, fince the Exhalation is fo much greater 
than the Supply by the Rivers, why the Sea does not 
appear diminiſhed, or its Waters continually waſting ? 
which Thing has never been obſerved, | 

I5. The prodigious Quantity of Vapours raiſed by 
the Sun's Heat, and otherwiſe, being carried by the 
Winds over the low Lands to the very Ridges of * 
tains, as the Pyrenean, the Alps, the Appennine, the 
Carpathian, in Europe; the Taurus Caucaſus, Imaus and 
others in Afia; Atlas, the Montes Lune, or Mountains 
of the Moon, with other unknown Ridges in Africa; 
I ſay, the Vapours being compelled by the Stream of 
Air to mount up with it to the Top of thoſe Moun- 


tains, where the Air becoming too light to ſuſtain them, 


and condenſed by Cold, they precipitate in Water, and 
gleet down by the Crannies of the Stone; and Part of 
the Vapour entering into the Caverns of the Hills, the 
Waters thereof gather as in an Alembic, into the Baſons 


of Stone it finds, which being once filled, all the —_— 
plus 
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procating a Spring 5; and alſo in that Inſtru- 
ment call'd the Tantalu- Cup. The Niſe of 


Water 


jus of Water that comes thither, runs over by the 
loweſt Places, and breaking out by the Sides of the 
Hills, forms ſingle Springs. ny B: 

16. Many of theſe Springs running down by the 
Vallig beryeen the Ridges of the Hills, and coming 
to unite, form little Rivulets, or Brooks; many 

theſe again meeting in one common Valley, and gain- 
ing the plain Ground, being grown leſs rapid, become a 
River; and many of theſe being united in one common 
Channel, make ſuch enormous Streams as the Rhine, 
the Rhone, the Danube, &c. And it may almoſt paſs 
| for a Rule, that the — — of a River, or the 
# Quantity of Water it diſc 
| Length and Heights of the Ridges from whence the 


' Fountains ariſe, | 
| 17. This beautiful Account of the Origin of Springs 
111 and Rivers has been received with univerſal Applauſe 
T and Satisfaction in the learned World. I ſhall'now add 
1 a Word or two concerning the different Sorts of Springs 
. which we find in divers Parts of the Country. But 
one Thing I ſhall firſt remark, and that is, it has been 
aſſerted, and often taken for granted, that there are 
Springs of Water upon the wh aps, Summits, or higheſt 
Parts of Mountains; which Poſition is contrary to the 
Hydraulic Law of Fluids, by which they riſe to the 
Level of the Fluid in the Reſervoir, but no higher; 
and not only that, but is undoubtedly falſe in Fact: 
For I have myſelf examined moſt of the remarkable Hills 
in the Jet, South, and Eaſt Parts of Englau, but 
could never diſcover any ſuch Thing; though I often 


but low enough to account for their being there. 
And Mr. Cafwell carefully examined the Tops of the 
Mountains in Wales (at the Deſire of a Friend) and 
could find no Spring there. I ſhall therefore conclude 
there never was, nor can be any ſuch Thing in Na- 
ture, 8 | 


z | Wires, 1 2 291 18. The 


found them on the Sides, not far below the Tops, 
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Water in Wells alſo is owing to the Weight 
of that in the ſubterrancan Ciſterns from 


whence 


9 


18. The ſeveral Sorts of Springs obſerved: are (1. 
Cammon Springs, which either run continually, and chen 
they are called Perennial Springs; or elſe run only for 
a Lime, or 2 2 Times of r and then 
they are c emporary ings. (2.) Intermuttr 
— or ſuch as "my A. «44 ſtop, and flow = 
ſtop again, by regular Alternations or Intermiſſions. 
(3.) Reciprocating Springs, whoſe Waters riſe and fall, 
or flow and ebb, by regular Intervals, or Reciprocations 
of theSurface, All which are produced after the follows 
ing Manner. 2 „ N ev 
19. Let ABCD E repreſent the Declivity of a Hill, 
whole Section, from Top to Bottom Fan 
is ſhewn in the Figure; in which let FG H be a Ca- 
vern or Baſon near the Top which collects the Water 
leeting through the Crannies, and has a Drain or Du& 
—— from H to the Side of the Hill at B. Tie 
evident when the Water riſes to the Drain H, it will 
deſcend through it to B, where it will break out in 


Form of a Fountain or Spring, and will continue thus, 


ſo long as the Reſervoir is ſupplied with Water above 
the Level F H, and after that it will become dry. Thus 


ve ſee a Spring may be generated, near the Top of the 


bigheſt Hills or Mountains. Of this we have a not- 
2 Inftance near the Top of Landſdown Hill by 
ath. | | 
20. There is one odd Phenomenon of ſuch Springs 
that is ſometimes obſerved, and that is, that they run 
in dry Weather, and are dry in wet Weather ; to account 
for which, we need only obſerve, that while the Wea- 
ther continues wet, . the Waters are gathering into the 
Baſon or Reſervoir, till there is a ſufficient Quantity 
to run over and make the Spring play, by that Time 
the Weather is altered and become dry; during the d 
Weather, the Remains of the laſt Rains (for the 
Springs proceed chiefly from Rain-Water) are conti- 
nually feeding the Reſervoir, and by that Means ſup- 
plying the Spring, but by the Time theſe are all un 
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the Weather again alters to wet, and the Spring ceaſes 
of courle, ell is meets a freſh Supply from the preceding 
20. The /INTERMITTING SPRINGS may be thus 
accounted for: Let LK L be a Cavity in the Mountain, 
to which at I there is a feeding Stream that brings the 
Water from other Parts, and-at 8 on the lower Part, 
there goes a Duct K 4 C, which is of a curved or 
crooked Form, and conveys the Water to the Side of 
the Hill at C, where it breaks out in a Spring. Here 
"tis evident, that as the Water riſes in the Cavern, it 


will riſe in the Duct at the ſame Time, till the Surface + 


of the Water I L be level with the. higheſt Part I of 
the Duct, after Which the Water will deſcend from # 
to C, which Point C, being lower than the Orifice of 


the Duct K, will exhauſt the Cavern of all its ale 


and then the Spring will ſtop till the feeding Stream 
repleniſhes the Ciſtern to the ſame Level I K, and then 
the Fountain will play again; this, ſuppoſes the Duct 


EE C to carry off more Water than the other at I brings 


to the Ciſtern; and then every Thing follows from the 
Nature of the hended Syphon as explained in the next 
Aungtation; s.. | | 

21. The REeciPRoOCATING SPRINGS are occaſioned 
after this Manner. Let MN O be a Cavity ſupplied 
by a feeding Stream PM, and alſo by a Syphon K 40, 


which brings Water from another Cavity above, as 


IKL] the Duct ND carries the Water to the Side 
of the Hill at D, and there makes a conſtant Spring, 
by Virtue of a conſtant Supply of Water, by the Drain 
PM. The Water at D will alſo flow and ebb alter- 


nately, for when the ee K 4 O works, the Surface | 


of the Water MO will be ſuddenly. raiſed, and preſs 
upon the Water at N with a greater Force, by which 


Means it will iſſue out at D with a greater Velocity, 


and raiſe the Surface if confin'd ; but when the Syphon 
intermits, or ceaſes, the Momentum of the Water at 
is not ſo great as before, and then the Spring will fink 
or decreaſe, | 
22. In like Manner we account for the riſing of Wa- 
ter in Wells. Thus ſuppoſe a Well 'be ſunk at the 
Foot of the Hill at E, to ſuch a Depth E V, as will 
Vo. II. * C IDE bring 
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the foregoing noble Theory of Dr. Halley, and that is, 
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bring the Diggers to an Eruption of a Spring at V, 
whoſ: Water is brought by he Dos R 2 many 
of them) from a Cavity QR 8 in the Hill, (or other- 
wiſe from a Pond, a River, the Sea, Cc.) tis evident 
the Water in the Well will riſe from the Bottom V, to 
an Altitude VT, where the Surface. of the Water at 
T is upon a Level with that in the Reſervoir Q8, and 
thus conſtitutes a Well. | n 
23. If thoſe Reſervoirs of Water in the Body of 
Mountains be ſituated where Mineral Ores whe or 
the Ducts or feeding Streams run through Mineral 
Earth, tis eaſy to conceive the Particles of Metal will 
mix with, and be abſorb'd by the Water, which bei 
ſaturated therewith, becomes a Mineral Spring or We 
If Salt, Sulphur, Lime-ftone, &c. abounds in the Stra- 
ta, through which the Water paſſes, it will then be ſa- 
line, ſulphureous, Lime-W ater, c. If Sulphur and 
Iron ſhould both abound in the Parts of the Hill, 
whence the Waters. come, the Waters will partake of 
the Warmth or Heat, which is occaſioned by the Mix- 
ture of two ſuch Subſtances in'the Earth, where they 
are found. Now, though every Thing may not hap- 
pen preciſely in the. Manner, as here repreſented, yet 
that it is in ſome Way analogous to it, I believe no 
Perſon will doubt, who has been at the Peak in Derby- 
ſhire, or at Wookey-Hole in Somerſetſhire, and ſeen the 
wonderful Caverns, Receptacles and Streams of Water, 
which Nature has there furniſhed in the Bowels of the 
Mountains. | | 4 


SCHOLIUM, 


p * 


24. I ſee but one Objection which can be made to 


that a Body of Water heated to the ſame Degree with 
the hotteſt Summer Air will certainly evaporate more 
from a given Space in a given Time than the deep 
Waters of the Sea, whoſe Surface only is affected by 
the Heat of the Summer Air; and therefore in all pro- 
bability the Doctor's Quantity of Water raiſed in Va- 
pour was much too great. To which I anſwer, (1.) 
The Rivers are ſuppoſed to return much more Waters 
to the Sea than they really do, for no one can imagine 
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whence chey are ſupplied by Proper Canals 


or « rings GOSH. W l 
1 From 
there can be go Times the Water of che Thane wb he 
to the Mediterranean by all its Rivers! (2. The-Doc- 
tor accounts for Springs by the Quantity of Vapout 
exhaled by the Sun alone, whereas If wel nbate Inc 
half this Quantity, and take in what is "raiſed: 4 
Wind and Agitations of the Sea, together with the 
upplies from Rain, melted Snow; phat 
doudtedly y find Ge . Wan 'Sourcts: of 41 
the Rivers and Spri the Vapout is exlialed 
from the Surface of the Wale och „at wilk be pro- 
rtional 4 the Heat in the a which' muſt 
be nearly the ſame for the moſt Part of the Day with 
the ons uous Air, and therefore tlie rr a — - 
widely difterent from the DotlettpRxpetſiheat'as 
be at firſt imagine. 2 10 dim We 

(LXXII.) 1. The Nature of the bindid Tab3or: 95 
phon (of which we have madé ſo much Uſe in the pre- 
ceding Annotation Br + eaſil _ by conſidering it as 
follows ABCD is à Velk into which'is inſertet ar 
Bottom a bended Pipe 611K ce repreſent the 

Yp hon. Now if Water be poured-int6 the Veſſel, it 
will as it riſes in the Veſſel ls ale into the Pipe or 
Buck, till the Water in the Veſſel be upon a Level F E 
with the upper Part G of the curved Tube; -what more 
is poured in after this will run oyer the Bend at G down 
the lower Part GH; and from the loweſt Point H it 
will, by the ſame Principle as before; be. forced into 
the riſing Part HI, where at che Bend Lit will again 
run over, and deſcend through the Part IK, and at K 
it will run out, as being lower than the D of the 
Bottom of the Veſſel or. 

2. That the Pipe muſt neceſfaril be full to the ſame 
Altitude every where as the Water ſrands i in the Veſſel, 
by the Preſſure of that in the Veſſel, is evident from 
what we have ſhewn in Annotation LXX. And ſince it 


dan riſe no higher in the Veſſel than in the Pipe, and 
in the Pipe it can riſe no higher than the bended Parts 
C 2 ü 
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FxoM the Preſſure of the ſuperior Fluid 
we have the Invention of a Natural Foun- 
** tain, 


G or I, therefore it can riſe no higher in the Veſſel 
than thoſe bended Parts of the Pipe. Again, becauſt 
the Preſſure 'of the Air upon the Water at FE in the 
Veſſel, and upon the Orifice at K is equal, therefore if 
the Orifice K were in the ſame Level with the Bottditi 
of the Veſſel, CL, the Water, having the ſame Alti, 
tude EB and ML, would not run out at the Orific 
L, but remain in Zquilibrio with that in the Veſſel, 
3. But, laſtly, fince the Orifice K is below the —_ 
the Water at K will have a greater Altitude MK, an 
therefore a greater Preſſure, or Momentum, and fo wil 
prevail againſt the equal Preſſure of the Air, and run 
out; and will continue to run out, till all the Water 
in the Veſſel be exhauſted, becauſe the Preſſure of the 
Air upon the Surface F E will force the Water into the 
Pipe to prevent a Vacuum, which muſt otherwiſe hap- 
pen in ſome Part thereof, which is abſurd or contrary: 
to Nature. | | f 
4. For ſuppoſe the Water were not to enter at B as 
faſt as it runs out at K, there muſt happen a Separation 
of the Water in ſome Part of the Pipe, as at I for In- 
ſtance; then the Water running out at K will cauſe 
the ſeparated Part to deſcend from I towards L, and 
ſince nothing can get into the Space between the ſepa- 
rated Surfaces of Water at I and L, all that Space muſt 
be a pure Vacuum, and therefore the Water muſt be at 
reſt in the Pipe between B and I, though the Preſſure 
of the whole Atmoſphere acts upon the Part at B, and 
nothing at all at the Part I to reſiſt or counteract it, 
which is contrary to the Nature or Definition of a Fluid, 
as has been abundantly ſhewn in Annot. L III. and all 
the ſubſequent ones. Rp 
5. This bended Syphon is uſually called a TANTA- 
LUs, from the Semblance of the Experiment made 
with a Man in a Glaſs to the Caſe of Tantalus in the 
Fable, who, according to the Poets, was ſentenced for 
his horrid and unnatural? Crime of killing, boiling, and 
ſerving 


8 r tw e avzvv a R32 ea +a =D 


d 


& 


el 
2 
16 
11 
m 
15 
cb 
i 
n 
in 
er 
IC 
ie 
J- 
* 
15 
N 
. 
ſe 


id 


Hy.DRAULICS. 
ain, which playing from the ſmall Otiſice 
of an Adjutage at the Bottom, wall ſpout 


ſerving up his owu Son at a Feaſt'sf the Gods, to find 
in a River of Hell up to his Chin in Water, which yet 


he is not permitted to ſip to quench his eternal Thirſt, 
alus is the Man in the Glaſs, with,a\Sy- 
phon concealed in his Body, beginning in the Bottom 
of one of his Feet, and aſcending. to the upper Part of 
re it makes a Turn, and deſcends thro” 


Fable, | | TIS) 
6. This Syphon may very eaſily be concealed alſo in 
the Handle of a common Pint Pot or Cup, and then 
it is called the TANTALUs-CuP : For the Top of the 
Handle being a little below the Top or Rim of the 
Cup, and the loweſt Part of the Handle or Syphon be- 
low the Bottom. or Orifice by which it communicates 
with the Cup, will cauſe the Cup to have the Property 
of emptying itſelf when filled to the Brim; as is eaſy 
to underſtand from what has been ſaid aboye, ' 


SCHOLIUM; 


7. The Nature of this Syphon, or the hydraulic Law ' 


of Fluids, on which it depends, was not \underſtogd by 
the Ancients ; for though we read ſurpriſing Accounts 
of the Roman Aquæducts and Pipes, by which they 
convey'd Water to the Diſtance ſometimes of five or 
ſix Miles, yet we find no mention made of any other 
than horizontal and deſcending Pipes or Dude, and 
never of any riſing or aſcending. If the Water was to 
be convey'd where a Valley interpaſed; they with great 
Expence and Labour —— a Water-Courſe over 
the ſame, ſupporting it with vaſt Piles and Arches 
ſometimes from the Depth of an 100 Feet. Whereas 
a ſingle Pipe laid over the Vale would have done the 

C 3 Buſineſs 
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very beautifully nearly to the Height of 
the Water from the Fountain; but it can- 
not quite reach that Altitude, by reaſon of 


the wry Reſiſtance (XXIII) 


yo +3 $4594 LIP 


Buſineſs oy - fe@tually, If a Mountain interpoſed, 
we find they —— Logs carry their Aquæduct 
_ through the very Body of it by Dint of Labour, which 
ſurely could not e been "their Choice, had they 
| known that a Pipe laid over the Top coming from a 
Wt | Reſervoir of a proper Height would have anſwered"the 
| ſame End. Such eſeryoirs indeed ſuppoſe the Uſe of 
f Pumps to raiſe the Water into them; and Pumps they 
f had of various Kinds, but could not apply them fot 
| want of knowin the Theo They who would ac- 
| quaint themſelyet with the Magi ificence of the Ro- 
iN mans in regard to their Water- Works and Aquæducts, 
1 may conſu 4 Frontinus, and dan who hav wrote on 
10 this Sub 
Plate (XIII) 5 The Theory of Natural Fountains, 
XVIII. or Jet d. Eau's, depends on the following Principles. 
Fig. 3. It has been ſhewn, that Water coming from a Reſer- 
Voir ABCD, —7 ugh the Pipe EFG H, will riſe 
from the loweſt Gs the fame Altitude I, in the 
Part GH, as is en a" Level with the Surface of the 
Water AB in the Reſervoir: And alſo chat it thus roſe 
from the Point & by a Force of Preſſure propbrtional 
to the Altitude of the Water in the Reſervoir, which i is 
equal to the Altitude & H. Aunot. LXIX. 
2. Now I prefume tis very evident that the Tube 
8H itſelf can contribute nothing towards the Water's 
riſing in it; but, on the contrary, it rather impedes the 
Acſcent by, the Frickien it occaſions to the Particle 
which move againft the internal Surface thereof. 'There- 
fore if the Part G H be taken away, the Water would 
riſe to the' ſame Height H, ekcepting ſo far as it is 
obſtructed by other concurring Incidents ; for in all 
Fountains the Height G I is ſomewhat leſs than G H, 
the Height in the Tube, for the following Reaſons. 
2 3+ F wh 
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FRoM this Preſſure of Fluids, as the 
Cauſe, we can eſtimate the various Mo- 
| | | menta 


3. Firſt, The Air's Reſiſtance is an Obſtruction to 
the Jet, and diminiſhes its Height; and fince we know 
that the Reſiſtance of Fluids is proportional to the 
Squares of the Velocity, (Annot. LXVIIL Art. 4.) 
and the Deficiency of Height H I is proportional to the 
Reſiſtance ; therefore a Jet that plays with a double 
Velocity will have that Deficiency four Times as great; 
and with three Times the Velocity, nine Times as 
great; and ſo on. | 5 

4. The ſecond Impediment is the Friction againſt 
the Sides of the Hole, and the Adjutage at G; and 
ſince this is in proportion to the Quantity of Surface in 
the Hole, it will be greater in a ſmall Hole than a large 
one, in reſpect of the Body of the Jet, or 33 
Water; becauſe the Jet will increaſe in Magnitude wit 
the Square of the Diameter of the Hole, whereas the 
Reſiſtance will increaſe only with the Diameter ſimply, 
Or a Hole of twice the Diameter emits four Times the 
Water, and gives but twice the Reſiſtance, This makes 
a ſmall Jet riſe to a leſs Height than a large one, from 
the ſame Reſervoir. | 

5. A third Impediment ariſes from hence, that ſince 
all the Particles ſet out from G with an equal Velocity, 
and this Velocity is continually diminiſhing, it follows 
that the Velocity of the inferior Parts is greater than 
the Velocity of the Parts above them, and therefore 
muſt in ſome Degree ſtrike againſt them; by this Im- 
pulſe (ſince Fluids move every way) the Particles will 
be urged ſideways, and the Column of the Jet be- 
come wider, and conſequently ſhorter than it would 
otherwiſe be. | . 

6. The fourth Cauſe. why Jets do not riſe to the 
Height of the Reſervoirs, is becauſe the Water upon the 
Top of the Jet does not immediately run off, but 
ſpreading into a Head, lies with its, Weight upon the 
aſcending Water below, and hinders it from riſing fo 
high as it would do, This, will, appear by inclining 
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menta or Forces of "ſeveral Jets ſpouting 


through the Sides or Bottoms of Veſſels at 


different 


the ſet a little, that the upper Water may not bear 


upon the tiſing Stream: for the Jet will then play higher, 


but be leſs brauttfun. 


ef the * be leſs than ; of 
ali Ine in Diameter, the Force of the Attraction of 


Cohehon will extend itſelf thtough the Body of the Jet 


at the Hole, and great obſtruct its Aſcent; hence 
the Riſe of Jets in Models for Experiments cannot be 
expected ſo high as others, becauſe of the very ſmall 
Holes made uſe of in them. Whence all Jets F larger 
Fountains. ( ſuch as are in Gentlemens Gardens) ought 
to exceed 3 of an Inch in Diameter, and that in Pro- 
partion to the Height of the Reſervoir, as will be ſhewh 


Ea 


gerenfitr. 3-3 „„ „„ | 
8. If the Conduct-Pipe E F G be not of a proper 
Size to ſupply, Water, as faſt as it can be expended at 
the Adjutage G, the Jet will likewiſe be checked, and 
will, hot riſe to the full Height. 'To aſcertain the 
Proportion of the Conduct-Pipe to the Bore of the 
Adjutage, is the Buſineſs of Experiments; and what 


has reſulted from thence! in regard to this Matter, will 


be ſhewtt in a Table by and by. An „ 
9. And one Thing more is neceſſary to be known, 
that the Jet may play the higheſt poſſible, viz. that the 
Part of tho Conduct Pipe at the Adjutage does not 
turn up at a Right Angle, but with a gentle eaſy 
Curveiz that is, not as at G, but as at L, where the 
Jet plays to a greater Height at K. The upright Part 
at G directly reſiſts the Water coming from F, where 
the Curve at L eauſes the Impulſe of the Water againſt 
it to be very oblique; and therefore a leſs Part of its 
Momentum will be deſtroyed, and conſequently the 
greater remaining Force will throw the Jet the higher. 
10. From what has been ſaid in Art. 4. it appears 
(ceteris paribus) the Hole in the Adjutage ought to be 
made in a thin Plate of Braſs, and not through the 
Bore of a Tube of any Length, becauſe of the Quan- 
tity 


at 
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different Depths below the Surface: For 


the Momentum of Fluids, as well as ſolid 
Bodies, 


tity of Surface in ſuch an-Adjutage-Piece,” which muſt 
7 retard the Jet, and diminiſh the Height, This 


which it ſets out from the Adjutage, will be as V F 


and throw it to its full Heigbt G'C at once; but 1 
the Pipe deſcends belo - F & to HI, and thence re- 
turns upwards again to the ſame Level F K, and the 
Jet be play'd from K; the Velocity with which it ſets 
out from K at firſt will not be the ſame as the Velo- 
city from G, that is, it will not de as FW or 
V QH— FH, but it will be.as / QH —V FH, 
which is leſs, and therefore the Height at firſt will be 
only K L, from whence by Degrees it will riſe to M 
upon the ſame Level with C, ſo that its laſt Height 
KM will be equal to the Height G C of the Jer 
from G. | | Agen IN gen FEI . 1 
12. The Truth of the laſt Article is thus demon- 
ſtrated, The Water in the Legs QH and I K are to 
he conſider'd as two Nonrelaſtic Bodies, whoſe My 
meta (being as the Preſſure) are as the Altitudes Q 
and I K; and ſince both the/Velocities and Quantities 
of Matter moved in a given Time, are as the Square 
Roots of the Altitude (as wilt be ſhewn in the next An- 


notation) therefore we have Q H=y 8 H x * I , 
and IK IR XV Tk; and ſince the Difference 
of the Momenta, divided by, the Sum of the Bodies, 
gives the Velocity after the Stroke (Annotation 

XIII. Art. 4.) which we will call æ, therefore 
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through the Sides or Bottoms of Veſſels at 


HyDRAULICS: 
menta or Forces of " ſeveral Jets ſpouting 


= 


different 


the Jet a little, that 'the''apper Water may not bear 
upon thetifing Stream; for the Jet will then play higher, 


Þut be leſs beautifuu. 


ef the 1 err = oy G be leſs than'3 of 
an Ine in Diameter, the Force of the Attraction of 
Coheſion will extend itſelf through the Body of the Jet 
at the” Hole; and ready obſtruct its Aſcent; hence 
the Riſe of Jets in Models for Experiments cannot be 
expected ſo high as others,” becauſe of 'the very mall 
Holes made ue of in them. Whence all Jets ol larger 
Fountains. (ſuch as are in Gentlemens Gardens) ought 
to exceed gj of an Inch in Diameter, and that in Pro- 


partion to the Height of the Reſervoir, as will be ſhewh 
a ONS Bo I SE Is ERS - tab - 
8. If the Conduct-Pipe E F G be not of a proper 
Size to ſupply, Water, as faſt as it can be expended at 
the Adjutage G, the Jet will likewiſe be checked, and 
will-hot rife to the full Height. To aſcertàin the 
Proportion of the Conduct- Pipe to the Bore: of the 
Adjutage, is the Buſineſs of Experiments; and what 
has reſulted from thence, in regard to this Matter, will 
be ſhewtt in a Table by and b ß. 
9. And one Thing more is neceſſary to be known, 
that the Jet may play the higheſt poſſible, viz. that the 
Part of the Conduct Pipe at the Adjutage does not 
turn up at a Right Angle, but with a gentle eaſy 
Curveiz thats, nbt as at G, but as at L, where the 
Jet plays to a greater Height at K. The upright Part 
at G directly reſiſts the Water coming from F, where 
the Curve at L cauſes the Impulſe of the Water againſt 
it to be very oblique; and therefore a leſs Part of its 
Momentum will be deſtroyed, and conſequently the 
greater remaining Force will throw the Jet the higher. 
10. From what has been ſaid in Art. 4. it appears 
(ceteris paribus) the Hole in the Adjutage ought to be 
made in a thin Plate of Braſs, and not through the 
Bore of a Tube of any Length, becauſe of the Quan- 
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different Depths below the Surface: For 
the Momentum of Fluids, as well as ſolid 
Bodies, 


tity of Surface in ſuch an-Adjutage-Piece,” which muſt 
greatly retard the Jet, and Narr the — This 


ſake of Beaut they ſcrew” 2 -fuch — Picce as re- 
reſented at Mt, they Long » inſtead of a 
Plate of Braſs, "whoſe a Fi need not exceed 
40th Part of an Inch for v 2 and whoſe 
Friction will therefore be 40. Times le 
11. If the Jet be play'd from G, the Velocity with with 


which it ſets out from the Adjutage, vill be as / F Q, Q 
and throw it to its full Hei ht G'C at once but 

the Pipe deſcends below'F'G to HI, and thence re- 
turns upwards again to the ſame Level F K, and the 
Jet be play'd from K; the Velocity with which it ſets 
out from K at firſt will not be the fame as the Velo- 


city from G, that is, it will not be 28 * F or 


* QH—FH, but it will be.as / QH —vV FH, 
which is leſs, and therefore the Hie at . 6ſt will be 
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Plate 
XVIII. 


Fig. 4. 


only K L, from whence by Degrees it will riſe to M 


upon the ſame Level with C, ſo that its laſt Height 
KM will be equal to the: Height GC of the Ja 
from G. nic 243 

12. The Truth of the haſt Article i thus 3 
ſtrated, The Water in the Legs QH and I K 1 to 


he conſider'd as two Non-<elaſtic 1 whoſe 1 5 | 


menta (being as the Preſſure) are as the Altitudes Q 

and IK; and ſince both the/Velocities and Quantities 
of Matter moved in a given Time, are as the Square 
Roots of the Altitude (as will be ſhewh in the next An- 


notation) therefore we 7 H= * T H X * Tl, 
and I K TK X K. and fince the Nifference 


of the Mamenta, divided yn the Sum of the Bodies, 
gow the Velocity on the Stroke ( Annotation 
XIII. Art. 4.) which we will call x, therefore 


AN 
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the Motion which is deſtroy'd in Q H by the Re- action 
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Bodies, is compounded of the Quantity of Mat- 
ter and Velocity; but in ſpouting Fluids, 
| be 


Ws * UI—VIK. VIE 
FN N 
TE, (becauſe Q HxVQH-VTExX 


VTE=z V QH+VIK x A IE,; 
which is the Velocity of the Water at weſt ſetting out 
from K. 
13. But fince Fluids act not by a ſingle Impulſe, as 

Solids do, but conſtantly; the Velocity of the. Water 
at K will not be equable at firſt, but accelerated for 
ſome Time, that is, till all the Water in the Leg I K 
ſhall be brought to move with the fame Velocity with 
that in the Ln QH when it comes to be uniform: 
For as the Velocity in the Leg IK is accelerated, ſo by 
its Re- action does it retard the Motion or diminiſh the 
Velocity of the Water in the Leg Q H; but as it can- 
not totally deſtroy the Motion of Q H, that which re- 
mains muſt be equable or uniform; and what that is 
will eaſily appear if we only conſi der, that that Part of 


of the Leg I K muft be equal to its own Momentum, 
which is A IK; (bee Action and Re- action are 
equal) therefore *. remaining Momentum of Q H will 
beQH—IK = QH— —FH = QF, wherefore the 
laſt Velocity will be as CF, and therefore equal to 
that at G, and fo carry the Water as high; that is, the 
Jet will riſe from L to 9 1 as high as from G. i 
14. To give an Example; (Ci. H=25 eet 
FH IK =9; then QF = ( Ar F=) 16; 
therefore the feſt Very will b be io the to 1 laſt * as 


9 =2: V 25 — 2 75 
= 4. Conſequentl the Height of the Jet K L is to 
the Height at laſt KM, as 2 > 4. And thus you 

on the Calculation for any Length of the Leg I IK 
whatſoever. 
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119 9,68[27]24,92} 


4180177,0335031,63%5 
19117-93130[32»47 87 79-47 149 
20118,82|37 33-29154 80880711 415011 
[21 19.7056 34.11.56 £ 2 71,5 — * 3 
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the Quantity of the Fluid iſuing g through "the 


Jame Hole in the fame Time i is always as the 


Celerity of its Motion, as is eaſy to conceive : 
Whores the Momenta of, ſbauting Fluids are 

roportional to the Squares af the Velocities, or 
Quantities of Matter jſſuing out in a given 


Time: e figce the Ne ee are ce Ef- 
"IR" AAA = fect 


73 
15. I ſhall here bein a Table of the Height to 
which Jets will riſe in Feet and decimal Parts from 


Reſervoirs of an Height of five Feet to 150 * cet. 


Jer. 


— — 


EE Tee. S 


e 
5.880230 2 1,464 
6,8424022, 33 
| 7,80[25[23,20 
9] 8,74|26]24,06 


con Own | Jay 


| 


11110,62|28]25,78 
12/11,55|29]26,63 
I3]12,48|30|27,48 
1413, 40031028, 3248 
151! 4-31[32129,16149 
10015, 22033030. [5 
17 16,13 34, 30,83 


16. By various . dat hays beep mate by by 


Mr. Mariotte, Dr. Deſaguliers, and others, it 
found, that if the Reſervoir be five Feet High, a Con- 
duct-Pipe 3 7 Inch Diameter will admit a ole in the 
Adjutage from : of an Inch to 4 of an Inch ; and ſo 
on as in the following Table, a 

Height 
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fect of Preſſure, it is evident, . tbe Yalocity, 
or Vg 4 Jpouting. Fluids is ever pro- 


 portional 
Height o Diamiter of * Diameter of tie 
A. Adjutage, Pipes of Laws: 
5 Feet — x 0 1 2:Inch;. : 


10 4 to j Inch —— 2 Inches, SS 
15 Ian Inch =— 2 4 Inches. 
20 Z an Inch 2 + Inches. a 
25 Z an Inch 2 Inches. 
30 — to g of an Inch 3 Inches, or 37. 
40 — of an Inch — 4 E In ches. Lad 
$0——— & of an Inch — 5 Inches. 
60 1 Inch ——— 5 Inches. 
80 —— 1 ; Inch . 6 L Inches. 
1 I 4 0 1 ted 7 or 8 Inches, 


ya Z 


17 Here the Jet i is ſuppaſed to be within 100 or 150 
Feet of the Reſervoir; but if the Conduct -Pipe much 
exceeds this Length, it muſt be of a larger Diameter 
than what is here aſſigned, ' Thus for Jets from 3 of an 
Inch to thoſe of an Inch, and from Reſervoirs from 40 
to go F ect Height, if the Diſtance be from 150 Vards 
to i of a Mile, the Diameter of the Pipe ſhould be of 
6 inches; from of a Mile to two Miles, it muſt 
be of 7 Inches; and from 2 Miles to 5, it muſt be. of | 
8 Inches Diameter for the ſame Jets. | 
18. If it be required to keep any Number of Jets 
playing, whoſe Adjutages are given in Diameter, by 
one common Conduct-Pipe, we muſt find the Diame- : 
ter of an Adjutage equal ta all the given ones. Thus 
if there be four Adjutage s of 2 of an Inch Diameter 
each, then the Square 1 2 is , which multi plied by 
the Number of Adjutzges 4 4, makes 18; the Square 
Root of which is * = 1 £ = the Diameter of the Ad- 


Jutage equal to all the four ſmall ones. A Pipe of Con- 


duct of 10 Inches Diameter will ſupply all the Jets, as 
being a little more than ſix times as great as the Dia- 
meter of the one large Adjutage now found, After 

* | this 


5 
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ppreional to the Square Root of the Preſſure 


FROM 


this Manner che Dimenſions of 2 Conduct - Pipe may 
be found for any other Number of Adjutages. 
(LXXIFV.) To repreſent theſe Propoſitions in Sym- 
bols may render them more perſpicuous, and, perhaps, 
more elegant. Therefore let Water ſpout from the 
Side of a Veſlel at two different Depths B and E from 
the Surface of A; the Momentum of the ſpouting Fluid 
will be as the Force which protrudes it, and this Foro 
is eyery where proportional to the Altitude of the Fluid, 
therefore the Myumentum of the Water at B and E will 
de as A B and AE, which let be denoted by z and M. 
Then let v and V be the Veloeities with which the Wa- 
ter ſpouts ; and g and Qthe Qnantities of Water iſſu- 
ing out in the ſame Time from the Adjutages B and E, 
then we ſhall have 3” Fre and M SVO. And 


therefore = = v, and = = V. 


2. Now the Quantity of Water ſpouting from any 
Hole in a given Lime muſt neceſſarily be as the Veto. 
city with which it flows; for the dere the Velocity, 
the greater will be the Number of Particles which come 
to the ſame Point in the ſame Time, or the greater will 
be the Quantity of Water which, paſſes by the Or:fice 
of the Adjutage, as is very eaſy to conceive ; therefore 
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Pl. XV. 
Fig. 6. 


* | 

XQ; or M RN wherefore m: M: 29: 
a” 2 VV \'y, as is Wy from the Proportiona- 
lity of the Roots.) Therefore alſog:Q::viV :: 
VV: M NB: FI.. 

3. Hence if AB: AE: 1 : 4, the Velocity at E 
will double the Velocity at B, and the Quantity of 
Water which flows from E will be twice as great as 
that which flows from B in one Minute, or any given 


Time, If AE be equal to 9 AB, the Velocity and 


Quantity 
3 
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Plate 


XVIII. 
Fig. 5. 


Plate 
XVII. 
Fig. 1. 
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FRoM hence it appears, that the Velocity 


of a Fluid pouring at amy Depth below the - 


Surface, 


Quantity of Water will be tkree times greater at E than 
at B, and fo On. 11 v. 06 fol 1475 
Hence 'tis very evident the Velocity of a Spouti 
Fluid, and that of an heavy Body, which it r. 
by falling from the Surface of the Water A to the Ads 


jutage B or E (in Yacuo) will be both the ſame, as be- 


ing both equal to AB or AE. See Aunot. XXII. 
It. 4. ATIT 181 - pd 2 4 Ferre, 1 
5. Hence alſo, if AB DE be a Veſſel of Water 
whoſe Surface is A B, then a Parabola D C E deſcribed 
on the Bottom DE and Height of the Water O C, will 
expreſs by its Ordinates a, af; gi, & n, E D, the Velo- 
cities with which the Water will ſpout from the Veſſet 
through Holes G, I, L, N, D, made in the Side upon 
a Level with thoſe Ordinates reſpectively; becauſe theſe 
Ordinates are as the Square Roots of the Abſciſſæ C5, 
Cc, C5, Ec. that is, as the Square Roots of the Altis 
tude of the Fluid above the ſaid Holes. Thus if CI 
40, then 26: An: V: e 2: Ves 
locity of the Water ſpouting from G to the Velocity of 
that ſpouting from N. And ſo in every other Place. 
6. Hence, if AB the Axis of a Parabola be equal 
to 3 BC its greateſt Semi-ordinate, the Point B will be 
the Focus, and B C the Semi-parameter of the Parahola, 
Now fince Water, or any heayy Body, falling from 
the Height A B, or Water ſpouting at the Depth A B 
below the Surface, will acquire at B a Velocity that in 
an uniform Motion will carry it over a Space equal to 
2 AB or BC; and fince in one Second of Time a 


Body falls through, 16 Feet ; therefore if we divide 


AB into 16 equal Parts, and B C into 32, and Ordis 
nates be drawn through every Point of Diviſion in the 
Axis AB, and Perpendiculars to the ſame Point BC; 
then there will be exhibited at one View the uniform 
Velocities acquired by the ſeveral Falls or Jets of Water, 
from all Heights to 16 Feet. | | 

7. Theſe 


EF FAS S 


S. HSSS 
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Surface, is equal to the Velocity a heavy Body 
would acquire by falling from the ſame Height ; 
becauſe the Velocity, as was obſerved, is 
always as the Square Root of the Space 
deſcended- through. If therefore on the 
Altitude of the Fluid AK, as a Diameter, 
we deſcribe the Semicircle AFK; and 
from any Point therein, as I, we draw 
the Perpendicular IH, that ſhall be pro- 
WH NAK I \f portional 


z Nan 4 CL 811 * 

7. Theſe Velocities are expreſſed by the reſpective 
Ordinates, and their Meaſure in Feet ſhewn by the 
Perpendiculars in the Scale B Con the Baſe. Thus, 
for Example, a Fall of 4 Feet gives an uniform Velo- 


city of 16 Feet per Second; a Fall of 9 Feet gives 24; 


and ſo of the reſt. Alſo the Time of the Falls, being 
proportional to the Ordinates, might have been ex- 
preſſed by another Scale of 60 Thirds (equal to one 
Second) in the Baſe B C; but to avoid Confuſion, I 
have given the Scale of Time upon the Curve of the 
Parabola: So that 7 relating to the Time, 
Velbcity, or Height of a Fall or Jet of Water leſs than 
16 Feet, may be readily ſolved by Inſpection, and 
that to an Practneſs ſullcient for the niceſt Caſe in 
Practice. 3 1 


8. After the ſame Manner may a Pabel be Sew 


ſtructed for all Heights to an 100 Feet, but that I leave 
to the Reader, that which I haye given being nearly 
ſufficient for all common Occaſions. Such a Scale has 
deen greatly wanting in Books of this Sort, and ſuper- 
ſedes the Neceſſity of thoſe large Tables which we find 


in ſome voluminous Treatiſes of Hydrotatics ; as thoſe 
of M. Belidor, &c. Note alſo, the ſeveral Ordinates 
of this Parabola expreſs the Lengths of a Cylinder or 
Column of Water iſſuing from an Adjutage at any of 
thoſe Depths in one Second of Time, as being propor- 
tional to the Velocity at each reſpective Place. 
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Pl. XV. 
Fig. 6. 
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Ab, or DK, it will, as being uniform, 
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portional to the Diſtance | to which the 
Fluid will ſpout from an Adjutage at H: 
For the Velocity will be as the Square Root 
of AH, and the Tine as the Square Root 
of HK; whence the Product of theſe two 
will expreſs both the Space paſs'd over by 
the projected Body, and alſo the Line H 1, 
as is well known to Geometricians, 

HENCE it follows, that a Fluid will Neuf 
from 4 Hole or Adjutage D in the Centre of 
the Semicircle, or middle Point of the Altitude 
AK, to the greateſt horizontal Diſtance K M 
Poſſible; becauſe the Perpendicular FD is 
the greateſt that can be drawn to the Di- 
ameter AK. Alfo 'tis evident, that from 
two Holes B and H, equally diſtant above and 
below the middle Altitude D, the Jets of Ma- 
ter will be made to the ſame horizontal Dif 
tance KN; becauſe the Perpendiculars to 
theſe two Points, wiz. CB and IH, are 
equal. 

MokgovkR, the horizontal Diſtance 
K M, to which the Water ſpouts from D 
the Centre, 1s equal to the Diameter or 
Altitude AK, or twice DF. For ſince 
the Velocity of the Jet at Q is equal to 
that acquired by falling through the Height 


carry the Fluid in an horizontal Direction 
cover 
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over twice the Space NR. DE. in he 
ſame Time: And therefore, ſines the Diſ- 
tances of Jets from D and B are as D F to 

B C, and the Diſtance of the Jet from D 
is equal to twice DF, the Diſtance of the 

Jet from B will be alſo equal to twice BC, 


or K N = 2 BC (LXXV.) C4 784 
[3 TR 0 I 8HALE 

(LXXV.) 1. The Velocity of the Fluid ſpouting 

from B we have ſhewn to be as W A B, and the Time * 

it takes in going to the horizontal Line will be as Pl. XV, 

VIB, becauſe that would expreſs the Time if it were Fig. 6. 

to deſcend to K in the Perpendicular B K, by n 

XXVI. 4. And though it goes not in the Perpendicu- 

lar, but is projected from B with an Impetus in an ho- 

rizontal Direction, it will not om means be any 

longer arriving to the horizontal Line, but only go in a 


different Tract, as is evident from what has been faid 
in Annotation XXIV. Therefore the Time of its com- 


ing to the Ground at N will be as VBR, that is, 
as the Square Root of the Altitude of the Spout B K. 
2. Now the Spaces which ſpouting F tuids paſs over 
in an horizontal Direction muſt be confider'd as uni- 
form, becauſe it proceeds from a ſingle Impulſe ; for a 
Particle of Water, after it has made its Exit from the 
Orifice of the Adjutage, is no more affected by the 
Preſſure or Impulſe of the confined Water, and conſe- 
quently its Velocity in the Direction B C will be uni- 
form, But in all uniform Motion the Spaces deſcribed are 
as the Rectangle under the Times and Celerities, or as 


VAB XxX V BE; but this Rectangle is alſo as the 
Line BC. | 

3. For let there be drawn AC and CK, 'tis evident 
the Triangle ACK is ſimilar to the Triangle B CK, Pl. XIX. 
becauſe the Angles ACK and CBK are right, and Fig. I. 
the Angle C KB is common to both ; therefore AC : 
CK :: BC: BK. In the ſame Manner we ſhew the 

Vor. II. | D Triangle 
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J su ALL only obſerve farther in regard 
to ſpouting Water, that the Jet will go 
farther through the bare Hole in the Ve 

| ſel 
Triangle ACK. is ſimilar to the Triangle ACB; 


therefore allo AC: CK :: AB: BC. rr 
AB: BC :: BC: BK; therefore AB X BK BC. 


And ſo BC=VIABXBK = V ABXVBERK 


4. Now becauſe the Space the Fluid -deſcribes ac- 
cording to the Horizon, and the Line BC, are both 
proportional to the ſame Thing, (i. e. to W ABX 
V BK) therefore they muſt alſo be proportional to each 
other; and ſo the horizontal Diſtance of any Jet, as B, 
will be in Proportion to the Line BC; and the Jet 
from D will be proportional to the Line D F, and ſoon, 

| 7 If now D be taken into the Centre of the Cirele 
A F K, the Velocity at D would (as being uniform 


carry it through twice the Space ADS 2DF = D 


in the horizontal Direction or Line DP, as is evident 
from Annot, XXVI. 7. Becauſe the Particles of a Fluid 
obſerve the ſame Laws of Motion with larger Bodies. 
Conſequently, though the Fluid, goes not in the Direc- 
tion or Line DP, it will go to the ſame Diſtance from 
the Perpendicular D K on the Horizon ; becauſe D K 
= AD, or the perpendicular Spaces, and conſequently 
the Times of the Fall, are equal, Whence, becauſe 
the horizontal Diſtances deſcribed by Jets from D and 
Bare as DF and BC, and the horizontal Diſtance of 
the Jet from D is 2 DF=DP =KM, therefore the 
horizontal Diſtance of the Jet from B will be equal ta 
2BC=EN. + 

6. From what has been hitherto ſaid, *tis eaſy to 
obſerve that the Motion of a ſpouting Fluid is every 
ſimilar to that of a projected Solid. The Path of the Flui 
is a Parabola, becauſe it is impelled by two Forces, one 
horizontal, the other of Gravity in the Perpendicular, 
in the ſame Manner as was ſhewn of the projected So- 
lid. The Impetus of the Jet B, D, H, E, is the 
Height of the Reſervoir AB, AD, AH, AE, the 


greateſt horizontal Random K M is that from the Jet 


D, directed 
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ſel at P, Q, or R, than through the Ad- 
jutage P B inſerted in thoſe Holes, and 
farther ſtill in Proportion as the Adjutage 

is 


D, direQted to the middle Point F of the Semicircle; 


and any two Jets equally diſtant, as B, H, go to the | 


ſame Diſtance K N on the Horizon. If the Adjus 
tage be horizontal, the Jet will be a 'Semi-parabola;;. if 
oblique, it will be a whole Parabola. All which Particu- 
lars were obſerved fo be the Properties: of the Motion of 
ſolid Projectiles; a Jet of Water being every Way the 
ſame as a Diſcharge of ſmall Shot, 5 

7. But to apply this more particularly: Let ABC QL 
be a Fountain and Conduct-Pipe with an Adjutage 
moveable on a Joint, to be ſet in any Poſition; as per- 
pendicular, as at I; oblique, as at K; or horizontal, 
as at L. In the firſt Caſe, a Jet will play upright to 
D; the Height of which Jet I D is the Impetus, or the 
Meaſure of the Force of the Machine to project the 
Fluid. If the Adjutage be placed obliquely, as at K, 
the Jet of Water will be the Parabola K FH; but if 
placed horizontally, as at L, it will form the Semi- 
parabola LN. Now in this latter Caſe it will be LM 


:MN :; M No = Latus Rectum of the Parabola 


LN when compleated. | 

8. But it has been ſhewn, that the Impetus ID, or 
Force by which the Parabola is deſcribed, is equal to 
one fourth Part of the Latus Rectum, ( Annot. XX XIII. 


12.) therefore it will always be ID = 1 conſe- 


quently, 4L M: MN :: MN : ID. 8o that if we 
ſee a Jet of Water at any Time, and would know the 
Height of the Reſervoir whence it comes, we can eaſily 


find it by the Proportion above, becauſe the three firſt 
Terms are always given by Meaſurement, 


9. By this Means alſo we can eſtimate the Force by 
which — Fluid is projected, where no Reſervoir or 


Fluids is concern'd, but the Action of Solids; 


Preſſure o 


as the Force by which the Urine is protruded; the 
D 2 | Force 


P. XIX. 
Fig. 2. 
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ture on the Artery, the Blood roſe in the 
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is ſhorter and the Bore larger. On the 
contrary, if a Pipe be inſerted perpendicus 
a "I 


Force of Reſilition in the Blood ſhouting from Veing 
and Arteries in ring; the Force by which t 
Chyle aſcends from the Receptaculum by the Thoracic 
Du& to the Left Subelavian Vein, or by which the 
Blood aſcends from the loweſt Parts of the Body to the 
Heart. In ſhort, nothing in the Animal Qeconomy can 
be well underſtood 'but by an Acquaintance with the 
Hydraulic Laws of Fluids: For an animal Body is the 
-_ curious and compounded Hydraulic Machine in 
ature. | | 1 2 

10. A ſignal Example of the Uſe of Hydraulics in thiz 
Reſpect I ſhall produce from the admirable Experiment 
of Dr. Hales in his Hemaſtatics. The Doctor cauſed 
a Mare to be tied down alive, and laid open the Left 
Crural Artery, in which he inſerted a Braſs Tube and 
on that fix'd a Glaſs Tube; and then cutting the Liga» 

| Tube in an 
Inſtant about 4 Feet, and continued to riſe till it attains 
ed the Height of 8 Feet and 3 Inches. In a Gelding 
ke tried the ſame Experiment, and the Blood roſe td 
the Height of 9 Feet 8 Inches: This was in the ſame 
Artery as before. In another Mare he fix'd a Pipe and 
Tube into an Inciſion of the Left Jugular Vein, and the 
Blood roſe to 41 Feet; and then he fix'd it in the Leſt 
Carotid Artery, where the Blood roſe to 9 Feet and 
6 Inches. In an Artery of a Doe it roſe to 4 Feet 2 
Inches; in a Dog, to 6 Feet 8 Inches; in a Sheep, 
to 6 Feet 5: Inches; and he conjectures that it will 
very probably riſe in a Man to the Height of 7 Feet and 
6 Inches. 

11. Now to eſtimate the Force with which the Left 
Ventricle of the Heart (of the firſt Mare) propell'd the 
Blood, the Doctor found by means of injected Wax, 
that the Capacity of the Ventricle was 10 Cubic Inches, 
and the Surface on the Inſide was equal to 26 Square 
Inches; alſo the Area of the greateſt Section of the 
Ventricle from Apex to Baſe was 6, 83 Square Inches: 
Conſequently the whole Preſſure upon the internal Sur- 
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farly into the Bottom of a Veſſel, it will 
diſcharge itſelf ſooner through it, than 
through 


face of the Ventricle was equal to 26X 11422964 Cu- 


bic Inches. (See Aunot. LV. ro, 11.) Alſo the Weight 
or Preſſure downwards was equal to 6,83X 114=778,63 
Cubic Inches, that is, to the Height multiplied by the 
Area of the greateſt Section of the Ventricle. 

12. Now a Cubic Inch of Blood _ 26757 
Grains; wherefore 2964X 267,7=113,22 Pounds A- 
v:irdupoir, allowing 7008 Grains to a Pound; which 
therefore is the Force of Preflure upoh the Surface of the 
Ventricle when dilated. Again, 6,83X114 = 29,7 
Pounds=the Force of Weight, or the Momentum of the 
Blood which the muſcular Fibres of the Ventricle muſt 
reſiſt in ſupporting ſuch an Altitude of Blood, on ſuch 
an Area of Baſe. | 
13. The Velocity of the Blood entering the Aorta is 
thus computed : The Ventricle each Syſtole throws out 
10 Cubic Inches of Blood, and the Area of a tranſverſe 
Section of the Horta at the Heart is 1,036; therefore 

IO 
1,036 
Blood form'd in paſſing through the Aorta's Orifice at 
each Syſtole of the Ventriele. Fhe Ventricle contract- 
ed, or the Pulſe in the Horſe beat 36 times in a Minute, 
or 2160 times in an Hour; but 9, 64 NK 2160 220810, 4 
Inches, or 1734, 9 Feet would paſs in an Hour, if the 


Time of the Contraction of the Ventricle were equal to 


the Time between two Pulfes : But it is but a third Part 
of that Time; therefore three times 1734,9 Feet, or 
5204,7 Feet, will be the Velocity per ous, or one 
Mile nearly, or 86,7 Feet per Minute. 

14. But this Velocity is abated by the Diviſions and 
Subdiviſions of the Artery into numberleſs Branches, 
ſo that in the fine Capillaries it muſt be gearly deſtroy- 
ed, did not other Powers take place to continue and 
augment it; ſuch as the Re- action of the elaſtic Coats 
of the Arteries, the Attraction of Coheſion, and per- 
haps an electrical Virtue ariſing from conſtant At- 

D 3 trition, 


= 9,64 Inches = the Length of the Cylinder of 


$7 


36 


Fig. 4. 
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through the bare Hole, and ſtill quicket 
as the Pipe is longer and larger (LXXVI.) 

II. TRE 


trĩtion, and extended through all the tubular Compages, 
' (EXXVI:) 1. Let AB be a Veſſel fill'd with Water, 
it will run out at the Bottom through a Hole with a Ve- 
locity at firſt proportional to the Height A C, which 
will conſtantly decreaſe with the Altitude till the Veſſel 
be emptied. If another Veſſel NK, equal to the former, 
has a Tube inſerted at the Bottom, as LM, the Wa- 
ter will begin to run out at M with a Velocity propor- 
tional to IM; the Veſſel NK will therefore be exhauſt- 
ed ſooner than the Veſſel A B. If another Veſſel EH 
be of 'an equal Diameter with the Veſſel N K or AB, 
and equal in Length to the Veſſel and its Pipe, the Sur- 
face of Water in each will begin to deſcend with equal 
Velocities ; but that in E H will ſoon become greater 
than that in N K, becauſe of an equal Altitude of the 
Water, and a freer Exit at the Bottom, as having no 
narrow Tube to retard it. N 
2. The Theory of Water running through a Hole 
E F in the Bottom of a Veſſel ABD C is of a curious 
Conſideration, and may be thus explain'd. AB is the 
Surface of the Water, or Diameter of the Orifice of the 
Veſſel; and ſince the Water muſt move from the Sur- 
face to the Hole E F, it muſt move in a Body of a par- 


_ ticular F igure AMEFNB, which is call'd the Cataract 


of deſcending Water, 'Now the Nature of the Cury 

AME or BN is thus determined. 0 
3. The Momentum of moving Water is every where 

the ſame, ( Anuot, LXXN. 17.) viz. at AB, MN, or 


EF; alſo the Velocity at MN or EF is as HR 


| or VH, (Annotat. LXXIV.) If we now take MN 


as an Ordinate to the Curve AME, and put MR = 
y, and HR = x; then ſince the Quantity of Water 
flowing by MN ina given Time is as the Area of the 
Section or Square of its Diameter, viz. MN, 
which is as y y, and alſo becauſe the Velocity 
15 as y/ HR = x, therefore the Momentum of the 


Water will bey y x V. And becauſe this is every 


Aa 


| 
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II. Tas ſecond Cauſe of the Riſe or Mo- 
tion of Fluids is the Preſſure of the Air on 
| the 


where the ſame in the moving Cataract, the Quantity 
* Xi is given or conſtant; and ſo y V = , 
I 


and *. whence x ==; which ſhews the Curve 


9 7 f 
AME, is an boloid of the fourth Order, whoſe 
Aſymptotes are X I parallel to the Horizon, and I G 


perpendicular thereto, 
4. To find the Quantity or Magnitude of the Cata- 
ract we proceed thus; let nn be drawn infinitely near 


MN, then will Rr = &, and becauſe x = 75 we have 


-= -HLR. The Area of the Circle 


| y 7 25 
upon the Diameter MN is py y, but p X 
4— 4fy 29 


X——=—E=— 4 2 2 — 

Py) * 75 4 py 55 
C = the Cataract: But becauſe x = == — 
ä E 


therefore x y y = — conſequently 2 & P =P =Ca- 


taract; but 2x 21 R, and p yy is the Area of the 
Circle MN. Therefore the whole Cataract from any 
Section to the Aſymptote X X, is equal to a Cylinder 
whoſe Baſe is the Section of the Cataract, and its 
Length twice the Height of the Cataract. : 

5. Now tis very evident from what has been ſaid of 
the Nature of the Curve Y AME, that as ſoon as the 
Water begins to run out at E F, there will be at that 
Inſtant a Velocity in all Parts of the Cataract even in 
thoſe of the Surface A B, For let A = Area of the 
Circle upon AB, or Orifice of the Veſſel, and a= Area 
of the Hole EF; V= Velocity of the Water in paſſing 
through the Hole, and v=the Velocity at the Surface 
AB. Then becauſe it is Av=aV; we have V: v:: 
A: a; therefore whatever Proportion a has to A, the 
ſame Proportion will there be between v and V. So 
that till A becomes infinite, or till A B coincides with 
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the Surface of; that in the Fountain or Re- 
ſervoir. Thus if a $y2HoN or Crane be 


XX, there will always be ſome Degree of Velocity in 
the Surface of the Water, But when A is infinitely 
greater than a, v will be infinitely leſs than V, that 1s 
nothing at all. | f 

6. Since the Aſymptote XIX (or the infinite Sur- 
face of the Water) is the higheſt Part of the infinite Ca- 
taract, and where the Velocity commences, it is evi- 
dent the Velocity will be in all Parts below as at A B, 
EF, as TH and VIA; conſequently the Veloci 
of the Water is different from that of Bodies falling 
from the Height of the Fluid, for of ſuch a Body the 


Velocity at EF would be as /H, and at AB it 


would be nothing. | 
7. Let GH = H= the Height of the Water in the 
Veſſel, and IH=z, then will H-z=IG. And fo V 
vit A: a:: VIU: IH: HZ: VZ; or V;; 
: - H +z:=z; dw by Diviſion of 
Proportion, we have Hz: H::V*®: Vow - 0D 
. þ V. H — 
AT mop 2, e = = 
a 55 r H 18 V=. 
Fe: A* H 4 jt 
. | | 
8. According to Sir Iſaac Newton Bodies fall in Va- 
cuo at the Rate of 1933 Inches, or 16 5 Feet, the firſt 
Second, which Velocity becoming uniform will carry a 
Body over twice the Space in one Second, viz, 325 
Feet. But uniform Velocities are as the Spaces deſcrib- 
ed by them in the ſame Time: and the laſt acquired 
Velocities of falling Bodies are as the Square Roots of 
the Spaces deſcerided through; therefore 32; : V:; 


\/16; : / i Gor * Tn Wherefore VI 
' n 164 


U 


SS: AH 
=V =8,027734/1 G, or 8,02773 4 = Feet, 


A* H | 
er 96,33276 4 Inches per Second. 
9. When 
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;mmerſed with the ſhorter Leg in Water, 
4 and the Air fucked out of the Inſtrument, 
| | the 
9. When A is very great in reſpe& of a, then a* 
may be rejected as inconſiderable; and ſo the Expreſ- 
ſion will be reduced to 8027734/ H Feet, or 96,33276 


A Inches, for the Velocity of the efluent Water per 
Second. But (as Sir Iſaac on found, and is eaſy 
1 to obſerve) this Velocity is not ſo great in paſſing thro? 
q the Hole in Experiments, as the Theo gives it: The: 


| Reaſon is, becauſe the Vein of effluent Water contracts 
* itſelf, and grows narrower to the Diſtance of ahout a 
ö Diameter of the Hole below it; where, by meaſuring, 
Sir Iſaac found the Diameter of the Vein to that of the 
Hole as 21 to 25; whence the Area of a Section of the 
Vein there will be to the Arpa of the Hole as 441 to 
| 625, that is, as 1 to / 23 conſequently, the Veloci- 
| ty of the Vein is to the Area of the Hole as 2 to x 
in that Part, becauſe of equal Momenta in both Caſes. 
10. Hence, if I G = 48 Inches, and the Diameter 
of the Hole 1 Inch; then 48+1=49 Inches will be 
the Height from the Place where the Velocity is great- 
eſt. Now the natural Velocities acquired by Water de- 
ſcending freely, from the Heights of 48 and 49 Inches, 
are as 69 to 70, and therefore nearly equal: Con- 


ſequently, te great Inequality of 1 to , or the 
Diminution of the Velocity in the Hole, muſt be ow- 
ing to the Retardation occaſioned by the lateral Water 
reſiſting in ſome meaſure its perpendicular Deſcent. 
11. Hence the Velocity of the Water in the Hole is 
very nearly equal to that which would be acquired in de- 
ſcending through + IG ; becauſe the Velocity acquired 
by deſcending thro? 1G is to that acquired by deſcend- 
ing through IG as 1to / 2. Whence the Velocity 
in the Hole is to be diminiſhed in the Ratio of 1 to 
v/13 = 1,414. Thus, „ e 2: 2; 315 TTY 
5,6773; and as 1,414 : I : : 96, 33276: rage” ſo 
that the true Velocity of the Water in the Hole is 
5.6773 V Feet, or 68,1278 H Inches per Se- 


cond. 
12. We 
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the Fluid will aſcend into the vacuous 
Space by the Preſſure of the Air on 


12. We obtain an Expreſſion of the Velocity alſo in 
other Terms, thus: The Quantity of (Q) of Water 
diſcharged is 9 in Proportion to the Area of the 
Hole (a), the Velocity (V), and the time (T) which 
it ſpends, Therefore Q = TVa; and fo V == 
S474 | a. 0: 
68,1278 / H; and conſequently Q = 68, 1278 T a 
H. Or, becauſea = 0,785398 d d, therefore Q 
=53,507476 dd TV Cubic Inches of Water, 
2 a Cubic Inch of Water weighs 253z 
Grains, the Weight of the Water diſcharged will be 
W= 13555,32 dd 1/ H. | 

13. Suppoſe a Veſſel 10 Inches ſquare, 4 Feet or 48 
Inches high, and having an Hole at the Bottom 1 Inch 
ſquare, Then will A = 100, a=1, andH = 48;' 
alſo A*= 10000, a*=1, and fo Et = 

| Aa. 9999 
T,0001, which may be rejected as inconſiderable. 
Wherefore 68,1278 H = 472 Inches (fer?) the 
Velocity of, the iſſuing Water per Second. Q=100X- 

4800 


4824800 Cubic Inches: Whence Fo ric 


Seconds, the Time in which ſuch a Veſſel would diſ- 
charge a Bulk of Water equal to its own Bulk, if kept 
continually full all the while. 

14. Now becauſe, when a is given, Q TV; and 
when Q is given, TV, and av and V== 
it is plain all theſe Caſes are the ſame with thoſe of Box 
dies moving uniformly, as in Arnot. XXII. And fince 
Vis a given Quantity when it increaſes or decreaſes in 
a given Ratio, therefore the above Theorems will be 
equally adapted to the uniformly accelerated and retard- 
ed Motion of Bodies, whether ſolid or Fluid. From 
whence we can eſtimate the Time in which the above- 

mentioned 
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the Water in the Veſſel, and fill the 


whole Cavity of the Tube; and be- 
cauſe there is a greater Column or Body 
of Water in the longeſt Leg, it will prepon- 
derate and deſcend through it; and will 
keep flowing out, till the Veſſel is exhauſted 


to the Orifice of the ſhorter Leg (LXXVII.) 
FART Tur 


mentioned Veſſel full of Water will be diſcharged by 
its own Gravity only. | 4 

I5. Thus it is evident, that the Column of Water 
that ſtands over the Hole will deſcend alone through it 
in g a Second, becauſe Bodies fall at the Rate of 4 Feet 
in ; a Second, and that is the Height of the Column. If 
the Veſſel contains any Number of equal Columns be- 
ſides, the Time of their Evacuation will be proportio- 
nal; that is, Q will always be as T, becauſe V in all 


Caſes (uniformly decreaſing with the (/ H) Square 
Roots of the Altitudes) is a given Quantity; and be- 
cauſe there are 100 ſuch Columns in the Veſſel, it will 
require 100 Half-Seconds, or 50 Seconds for the Time 
of the Diſcharge. . This would be the Time, were the 
Water to ſet out with the Velocity of the Deſcent 
from the Height of 4 Feet: But fince the initial Velo- 


city is leſs than that in the Proportion of 1 to / 2, 
( Art. 9.) and fince the Times are inverſely as the Ve- 
ocities wnen Q or the Quantity of Water is given, 
(Art. 14.) therefore as 1: / 2=1,414 :; 50": 70, 7 
= the true Time of the Diſcharge. 

(LXXVII.) 1. It has been already ſhewn, that 
when a Syphon is firſt fill'd with, and then immerſed in 
Water, it is the Preſſure of the Air that cauſes it to 
continue full, and that it runs out of the longer Leg by 
the Preponderancy of Water in that Leg. (Annot. 
LXXII.) I ſhall only add here, that when the Air is 
drawn out by the Mouth-Piece, the Preſſure of the Air 
on the Surface of Water in the Veſſel cauſes it to riſe 
into and fill the Syphon; to eyince which, we need 
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The Effect of the Common Pony is 
from the ſame Principle: For the Bucket 
or Sucker, raiſing a Column of Water 
above it in the Barrel, makes a vacuous 
Space, or greatly attenuates the Air in the 
Barrel and Pipe below it; whence the 
Water muſt neceſſarily riſe in the Pipe, by 
the ſuperior Preſſure of the Air on the Sur- 
face of that in the Well. The Water 
aſcending in the Pipe, paſſes through the 
Valve in the Bottom of the Barrel, which 
fhutticlg upon the Depreſſion of the Suc- 
ker, the Water is thereby forced through 
the Valve of the Sucker into the Ciſtern 
of the Pump, and diſcharged through the 
Spout. All which is clearly ſhewn by the 
Model of a Pump in Glaſs (LXXVIII.) 


only put a Syphon, while working, under the Receiver of 
an Air-Pump ; for upon exhauſting all the Air, the 
Syphon will ceaſe running. | 1 
2. Or if the Syphon be equicrural, or has both the 
Legs of an equal — the Water will not run thro? 
it, becauſe the Force of Water againft the Air at each 
Orifice is equal. The fame Thing will be effeded 
with-a Syphon of unequal Legs, though the ſhorter Leg 
be immerſed in Water, if the Syphon be ſo inclin 
that the Orifice of both Legs be on the fame horizon- 
tal Level. I need not after this give the Reaſon why 
the Water will not run out of the ſhorter Leg, if the 
longeſt be placed in the Water. | 
(LXXVIII.) 1. I ſhall here give the Theory of 
Pump- ort, and the Structure of ſuch Pumps as are 
found to be moſt uſeful for the various Purpoſes of Life, 
The Theory depends in a great Meaſure upon thoſe 
3 | Pro- 
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HE. IV. Bor the moſt confiderable of 


all WATER«ENGINES is that call'd New- 
| ſham's 

Properties of the inverted Syphon, or Fountain, defcrib< 
ed in Anunat, LXXHI. Art, 11, 12, 13, £4: Let 
ABCDEFG repreſent the inverted Syphon there de- 
ſcribed; Only here the Part ABCD reprefents a Co- 
lumn of Air, and DG the lower Part of the Pipe of # 
Pump immerſed in the Water of the Welt HI. Let 
P be the Piſton of the Pump at E in its loweſt Situa- 
tion, and at F in its higheſt, | Now as both theſe Parts 
communicate with the Water, one by preſſing on it, 
the other 1 into it, they may be looked upon 
as communicating with one another. 
2. Now A BC, the Cokamn. of Air, would by ity 
Weight or Preſſure force up a Column of Water into 
the Pipe D G to the Height of 33 Feet, were the Air 
exhauſted from the ſaid Pipe, and continued to that 
Height; (the Weight of a Column of Air being equal 
to the Weight of fuch a Column of Water of > ſame 
Baſe, as will be ſhewn hereafter.) If now the Piſton Þ 
be thus thruſt down to E, meeting the Water there, 
and from thence it be raifed to F with an uniform Mo- 
tion, the Water will riſe from B to follow the Piſton; 


with a variable Velocity; the leaſt of which is as /AC 
V, and the greateſt as PE = / AB» 


(by Annotation LXXIII. 12.) 4 

3. If in lifting up the Piſton the Velocity of Water 
be leſs than that of the Piſton, it will not be able ta 
follow it, but will leave a void Space between them, 
which will increaſe more and more as the Velocity of 
Water becomes leſs than that of the Piſton, The 
Conſequence. of this will be, that a, Part of the Stroke 
of the Piſton will be loſt ; and not only that, but the 
Piſton, when the Water leaves it, will riſe very hard, 
as having the Weight of Water upon it, and the Air 
of greater Denſity above than below; whence the 
Equilibrium, which ought to be in Pumps, is deſtroy- 
ed, and the Balance againſt the Workmen. Now as 
this can happen where the Diameter of the Sucking- 
Pipe is equal to that of the Pump-barrel, much un 
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ſoam's: Engine, from the great Improbe- 
ments which Mr. New/ham made in it; 
8 the 


will it happen when the Pipe is leſs than the Barrel, 
becauſe the Water riſing through a leſs Paſſage will 
be no longer in filling the Pump- Barrel, and therefore 
Pibon, and leave the greater void Space be- 
tween. 1 is TY EL | +! 
4. On the contrary, if the leaſt Velocity of Water 
riſing in the Pipe be greater than that of the Piſton, 
there will be no void Space; and the Pump- Barrel may 
be made in proportion as much wider than the Pipe as 
the Velocity of Water is greater than that of the Piſt- 
on. Now that this may be the Caſe, we ſhall ſhew 
by Calculation what Diameters the Barrel and Pipe 
ought to have compared with the Velocity of the Wa- 
ter and Piſton. Let A repreſent the leaſt Altitude of 
the Atmoſphere AC 31 Feet of Water; B=DF the 
higheſt Elevation of the Piſton above the Surface of the 
Water HI, which let be 16 Feet. And let the great- 
eſt Velocity of the Piſton which can well be given to a 
Pump be that of four Feet in a Secondu; and V 
the leaſt Velocity of Water that riſes in the Pipe; D== 
2 Diameter of the Barrel; and d = Diameter of the 
Ipe. | —_ 8 * . 
5. Now here we have T A—y/ B=V= the leaſt 
Velocity of Water ; and the Fall which will produce 
that Velocity is the Square of that Expreſſion, vix. A 
+B—2y AB, that is, 31+16—2,/31X10=2 Feet 6 
Inches, the Height of the Fall required, Whereas by 
the common Way of taking the Square of AB, 
viz, A—B for the Height, we have 15 for the Fall, 
which extraordinary Error muſt be of very bad Conſe- 
quence in Practice. 1 


6. Here the Velocity - B=y 31—V T6= 
5,6—4 2 1, 6 per Second. The Velocity of the Wa- 
ter at the Bottom of the Pipe D is as / A=5,6; that 
alſo muſt be the Velocity of the Piſton at D, that the 
Water may follow it; whence the Piſton moving with 


the ſame Velocity at F, where the Velocity of Water 
is 


ſt 
— 
5 
2 
4 
> 
, 
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we,» ww 


HY D rx'w/U* Ll 0 s, 
the Nature and Effect of which will be 
| Section 


is but 1,6, we have 5, 6—1, 624 Feet of void Space, 
therefore 4 Parts in 5,6 of ſuch a Stroke would be loſt 


or ineffectual. We may here obſerve by the Way, that 


ſince the Velocity of the Water at D is 5,6, and the 
greateſt Velocity which can be given to the Piſton (with - 
out damaging the Machinery) is but 4; "thetefore a 
Piſton working at the lower End of the Pipe or Barrel 
will always have Water more than enough to prevent 
any void Space or Loſs of Labour, We ns (OB: - 

7. But ſince we find ſo great a Void in the Pipe at 
F of the ſame Diameter with the Piſton, tis evident if 
we contract all the Parts below F into a ſmall Pipe as 
FD, and let the Part FG remain as it was for the 
Barrel of the Piſton to play in, as at FG, that then 
the Water will riſe into the Barrel F G with a greater 
Velocity than before, in proportion as the Pipe is leſs; 
conſequently if the Bore of the Pipe FD be to that of the 
Barrel FG, as the Velocity of the Piſton P, or the Water 
in th: Barrel, is to the Velocity of the Water in the Pipe, 
there will always be a Sufficiency of Water to prevent 
a Vacuum in the Barrel. Which Rule in Symbols is 
thus expreſſed; DD: dd :: V: o; whence D* u 
dV for a genera] Canon; any three of Which Quan- 
tities being given, the fourth may be found. 

8. Thus, for Example, ſuppoſe D, v, and V were 


given to find d, we have PE ns 2 Let the Diameter 


of the Barrel D = 6 Inches. And ſuppoſe the Piſton 
2 20 Strokes in a Minute, each a two Foot Stroke, 
pending as much Time in its Aſcent as Deſcent, then 
will the Motion of the Piſton be 80 Feet per Minute, 
or 1+ per Second; whence v1. Laſtly, to obtain 


the Value of U, we muſt fix on the Length of the Pipe 


FD, which let be 16 Feet, then the higheſt Eleva- 
tion of the Piſton will be 18 Feet (if it comes to the 
Bottom of the Barrel, as it ought to do ;) wherefore 
an Height of Water of 18 Feet in the Pump G acts 

againſt 
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Section of i Model, with fome Vatiation 
which * the Structure therevf, 
The 


againſt the Weight or Height 31 Feet in the AC. 
Now the Velociey V of the — the Pipe * being 
uniform, or conſtantly the ſame, we muſt find what 
Difference of uniform Velocities will be generated by 
phe 122 31 and 18 Feet Heights. Thus v x63? 
1 | near z and 165; 32 * "TS : 32 | 
7 Wenke che 785. 85 Besch 5" of e uten Vene l 5 
| i be 43 — 324 = 101 = 10 Feet 3 Inches pen Second z 
4 b 0 


| thetefore V cr 101. Wust Leal l. 
bl ches, far the Diameter of the Pipe FD. | | 


17. The Reaſon : why we make no Uſe of the Ex- | 


oh preſſion JSAC—/DF in this Caſe, is berauſe this | 
i ll gives only the Difference of the inſtantaneous Veloci- 
l ties, or the leaſt Velveſty with which the Water at F 


4 can begin its Motioh upwards; whereas we here wan 
| ö : to find what the conſtant and —_— Motion of the, 


0 Water will be, or how much it will ſupply eve Se- 
| Cod uniformly, which is done by the Method: above, 
Fl For fince'#'Falt of 16 gives an uniform Velocity 
ns 32 Feet per Second, 2 Fall of 31 Feet will give 522 
14 thus a Fall of 18 Feet will give 323, -ndtheir D 6 
It rence muſt be that of the Water at F. 
| 18. If we know. the, Welocity- of the Piſton o, the 
Diameter of the Barrel D, and the Diameter of, the 
Pipe d, we ſhatt find the Velocity of the Water in the 


vD-D 
Pipe va or thus in Words, Multiply the 


Square of the Diameter of the Barrel by the Velocity of the 
Piſton; divide the Product by the Square of the Dia- 
meter of the Pipe, the Quotient will be the FA elocity fy ſought 
from the Water in the Pipe. This Velocity when found, 
muſt be taken from 43, the Remainder 43—V will be 
the uniform Velocity produced by a Fall from the higheſt 
Situation of the Pita to the loweſt Surface of the Wa 
ter in the Well, and which is found by ſaying, as 32 


y/ 163 
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The Motion of the Water in this En- 


gine is effected by the Preſſure f the 
| Atmoſphere, 


V 16: 2 4 BF; whence DF the higheſt 
Elevation of the Piſton will be known. | 

19. When we know D, V, and d, we find v the 
Velocity of the Piſton by this Theorem HS v; that 
is, in Words, Multiply the Square of the Diameter 
of the Pipe by the Velocity of the Water in it, and divide 
the Product by the Square of the Diameter of the Barrel, 
the Quotient is the Vllaie Ci the Pifton required, 

20. Having given the Velocity of the Water in the 
Pipe v, the Diameter of the Pipe d, the Velocity of 
the Piſton V, to find the Diameter of the Barrel D, we 
have this Theorem D —; that is, Multiply the 
Square of the Diameter of the Pipe by the Velacity of its 
Water, 22 divide that Product by the Velocity of the Pi- 


flon; the Square Root of the Quotient is the Diameter of 


the Barrel ſought. 
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21. If « Piſton works in a Barrel or Pipe A D of the Pl. XIX. 
ſame Diameter from Top to Bottom; then we can find Fig, 6, 


the Height to which the Water will riſe at every 
Stroke of the Piſton playing at any Diſtance above the 
Surface of the Water BD. Thus let E be the loweſt 
Part to which the Piſton comes, and let E D=12 Feet 
Diſtance from the Water, and ſuppoſe its, Length of 
Stroke E FA Feet. Then when the Piſton is at E, 
the lower Part of the Pipe ED is fill'd with Air of the 
ſame Denſity or Spring with the common Air, which 
call 8; when the Piſton is raiſed from E to F, ſo that 
FD=16, two Effects will follow; one is, the Air will 
now expand itſelf into a larger Space beneath the Pi- 
ſton, and have its Spring weakened ; the other is, that 
ſince the Spring of the Air in the Pipe is lefſen'd it will 
preſs leſs on the Surface of the Water in the Pipe than 
the external Air preſſes on that without, the Water will 
riſe ſo far into the Pipe, till its Weight, together with 

Vox. II. E | the 


Pl. XIX. 


| Fig. 6, 
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Atmoſphere, by .the Force of Biftone, ant 
4 the Spring of condenſed Air, in the fol- 
lowing 


the diminiſh'd Spring of the Air, be equal to the Preſs 
ſure of the external Air. 

22. Suppoſe the Water riſes to C; call its Height 
C D=x ; then the Space into which the Air is expand- 
ed will be F C=16—s. Let its Spring thus diminiſh- 
ed be call'd 5; then the Spring of the Air being inverſe- 
ly as the Spaces which it takes up, we have 8: 3 :: 16 
— *: 12; therefore 2 3. The Weight of a 
Column of Water 32 Feet high is equal to the Preſſure 
of the Atmoſphere, that is, equal 0 37 whence 32: 8 


2X; _ = the Weight of the Water x. But this 
added to we er 2 Spring of the Air is equal to 8 
ener 5 2. and dividing by 8, we hare 


— — iz; or 384 T76.— 33275 or 


3 28, and by adding on each Side the Square 
of 24 (to compleat the Square) we have x*—48x+ 
$76=576—128=448, and extracting the Root, x—24 
= +V 448= +21,166. Whereforex=2,834=DC, 
Height of the Water required, 

T his Height taken from 122 ED; leaves EC 
* and calling the whole Height to which the 
Water will riſe by the firſt and ſecond Stroke — 
*; weſhall have this ſecond x determined by the 
tion 2 3 = 1, inveſtigated and reſolyed. As 
before, - For f nce the Water C D cannot recede {by 
reaſon, of a Valve below when the Piſton 4 ſean 
Time comes to E, the Valve in the Piſton will be 
opened, and the Part E C again fill'd with common 
Air; whence S: 5 :: 16—x: 9,166, Fc. as before, 
The Equation reſolved gives x = 5,098, from which 


taking the firſt x = 2,834, there remains 2,264, for the 


Height 


HyDravLiCs. 
lowing Naritier, vis. When the Piſton R 
is raifed, a Vacuum would be made in the 


Barrel 


Height it riſes the ſecond Stroke. : In the ſame Manner 
we calculate that the Water riſes 


ght e + to 

2 Firſt Stroke 2,834 ——— 2,834 
ſh. Second —— 2,204 ———, $,098 
ſe= Third —— 2,025 ——— 7123 


| — 9,166 
Fifth —— 2,413 — — — 411,579 
Sixth — 3, 620 —— 15,199 


Fourth —— 2,043 — 


24. But to ſave the Trouble of a Calculation every 
Time we would find x for the various Heights of the 
Piſton, let us raiſe a general Theorem for all Caſes ; 
thus let 4 = the greateſt Elevation of the Piſton, þ = 
leaſt, a—b =p = the Length of the Stroke, and h = 
Height of 2 Column of Water equal to the Weight of 
the Atmoſphere; then the foregoing Theorem will 


e. r and 05 + bb=ab—ed; 
* a- 5 And, d an ei e f 
x+ or ax+hx—xx=ah—bh=ph; putting = 


* 


=5, we have 25 x—xx=þpbhb; and changing the 


the Square, x x—2 5 K Spb; and ſo æ— = 
+ Vs—pb; and finally x= E =D 


but any of the other Quantities, having the reſt given. 
Thus ſuppoſe the higheſt Elevation of the Piſton be 16 
Feet n, b= 32 ; and I would raife the Water the firſt 


a ＋ 


| 2 2 xX=—xXx 
25x—xx pb, whence p = T 


near 12 Feet for the Length of the Stroke required. 


the Air in the Barrel is in a dilated State; and ſince 
E 2 when 


Signs we have x x — 25x p; and completing 


25. Now this general Theorem finds not only x, 


Stroke 10 Feet: Quere p the Length of the Stroke? 


Here x = 10, and s= ——= 24; then above we had 
= 11,9, 


26. Since after every Stroke or Aſcent of the Piſton, . 
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Barrel TV, did not the Water follow it from 
the inferior Canal E M (through the 1 


when the Piſton deſcends, the Water by its Tendency 
downwards carries down the Valve at D, and by this 
means cuts off the Communication of the Air at D, 
and ſupports the Column of rais'd Water, tis plain the 
- of the Piſton will ww. ected on 
its upper the Weight or Spring of the common 
Air, and on * Side by the Spring of the dilated 
Air only ; and therefore, upon the Deſcent of the Piſton 
the Valve of the Bucket will not riſe but compreſs the 
internal dilated Air into a Space gradually leſs till its 
Spring by that means comes to be equal to that of the 
external Air, and then as the Piſton deſcends it will ſuf. 
fer no farther Compreſſion, but force up the Valve, and 
make its — x | | 

57 Thus for Example, by the firſt Stroke (in Art. 
23. 


the Water roſe 2,834, which ſubſtracted from 
16, leaves 13,166 for the Space into which 12 Feet of 
Air was dilated. Now its Spring being weaker than 
that of the external Air, upon the Deſcent of the Pi- 
ſton, it will be compreſſed into the former Space of 12 
Feet before it can recover its former Spring, the Piſton 
will then have deſcended through 1, 166; and fince 
the Stroke is 4 Feet, and the Air will now be no far- 
ther compreſs'd, therefore 4—1,166=2,834 will be 
the Quantity of Air which will make its Eſcape thro" 
the Valve of the Piſton ; which in this Caſe is equal. to 
the Column of Water raiſed. 

28. The Piſton being now again at E, upon its A- 
ſcent, it will permit the Column of Air E C=9,166 to 
expand itſelf into a Space=16—5,098=10,902 ; 
upon. deſcending it will compreſs the Air again into 
9,166 Feet, before it can eſcape. To do this the Piſton 
muſt deſcend through the Space=1,736 ; and therefore 
4—1, 736-22, 264 is the Quantity of Air that will be 
exhauſted the 2d Stroke; and the Column of remainin 
Air E C will now be 9, 166—2,264=6,902 Feet. An 
in this Manner are the Numbers found for every fol- 


lowing Stroke, 
. 29. Hence 


2 31 = 
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H) which riſes through the Glaſs Tube 
EF immerſed in the Water of a Veſſel by 
k the 


29. Hence tis eaſy to obſerve, that whenever the 


Space thro* which the Piſton muſt paſs in its Deſcent 


to reduce the internal Air, by Compreſſion, to a Den- 
ſity or Spring equal to the external Air; I ſay, whea 
this Space happens to be greater than the Length of th2 
Stroke, there can no Water riſe in the Pump; becauſe 
in that Caſe, the Air will be no farther. able to make 
its Eſcape thro the Valve of the Sucker, by reaſon of 
the greater Preſſure of the external Air upon ĩt. 

39. When this is the Caſe of a Pump, let æ be the 


greateſt Height to which the Water can be raiſed in it; 


when the higheſt Elevation of the Piſtom is a, the low- 
eſt b, the Preſſure of the Atmoſphere &, and a- =D 
the Stroke of the Piſton, as before. Then when the 
Piſton is down, the Space in which the Air is cantain'd 
is b—x; and when up, it is expanded into ax; its 


Preſſure is then the — Part of what it was before, 
that is of the Atmoſphere; the Weight of the Water 
being the other Part, viz, 33 and both together being 


equal to. the Atmoſphere, we have . + 7 13 


therefore bh—h x+a x—x* = a h—hx; or, ax—x* =. 
&h—bh=ph. And changing. the, Signs, & - K 
— ph; and compleating the Square, * — ax + 
144 = i - ph ; wherefore x—Jja=4q/. 4a &—þh 
therefore x = = N 1a a—pb+ia oO 

31. Hence if the Stroke of the Piſton and its Height 
above the Water be given, we know the greateſt 
Height to which the Water can riſe, and conſequently, 


if ſuch a Pump can be effectual. For Example, let 
a=28, b=25; then Þ=3Jz and put 5232 then x== 


=Z10+14 ; that is, the greateſt Height to Which the 
Water can riſe=14—10=4, Feet; for the other Root, 
14+10==24, is impoſſible, becauſe all Heights between 
4 and 24 will be too great. 

E 3 32. Again, 
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the Preſſure of the Atmoſphere on the 
Surface thereof. The Water of the Bar, 


rel 


1 Again, ſuppoſe a = 24, b= 20 then, p=4, 
=32; x = & 4+12, that is x = 12—4=8$ 
Feet, the greateſt Height. If a=20, b=16, pA; 


then we ſhall have x = + V iaa—ph+ia=z 


V 1004128 r00=128+10= = V=28+10. Now the ſquare 
Root of a negative Quantity being impoſſible, ſhews the 


| Caſe in Queſtion has no Place in Nature, or that here 


is no Space between x, and the loweſt Situation of the 
Piſton, Nor can there ever be any when p h is greater 


than 1 aa,' the Water riſing to the Piſton in all thoſe 


Caſes, When 14 a=þ b, then \ ;aa-—ph aa -p o, and 
X=3@3 and in this Caſe, 7 or I Thus if 
a=16, | a=8, =x, the greateſt Height the Water 
will riſe to, and . 35 Feet, the Length 


of the Stroke. 
" Note, If we make the F led of the Equation 
* - — equal to o, (viz. 2xx—ai=0) it gives 
2x=a, or x= a, when a Maximum, as before. 
33. From this Theorem we learn this general Rule 
concerning Pumps, That no Pump can rdiſe Water, but 
when the Length of the Stroke of the Piſton exceeds the 
Square of the 170 Elevation of the Piſton divided by 
128, Thus if that Elevation be 16 Feet, the Square of 
that is 256, which divided by 128, quotes 2; therefore 


the leaſt Stroke of the Piſton muſt be greater than 2 


Feet, If the Elevation be 20 Feet, then 20 * 20400 
ande g 23513, which ſhews the Stroke of the Pi- 
* mul be in that Caſe greater than 355 3 Feet, If 
the Elevation be 12 F et, then 12 128144. and 2g 


=1 12, which is leſs than the leaſt Length of the 
Stroke of the Piſton. And theſe Things, I chink, finiſh 
the Theory of Pumps: Wo 
3. © 
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+ age 


3 -._ 


to 


34 I ſhall now prgceed to the Deſcription of two or 


three moſt uſeful Pumps, but firſt give an Account of 


that Sort of Valyes Which I find are exceeding good, 
and ought to be uſed in Pumps and all Kinds of Water 
Engines where Valves are neceſſary, Let ABCD be 
the Bucket of a Piſton,, or any other Part where a 
Valve is required; in the Middle there is a circular but 
tapering Hole from Top to Bottom, in which is fitted 
the tapering or conical Piece EF GH, with a Piece IK 
to be ſcrew'd in and out of the Bot.om Part HI. It is 
to be ſcrew'd out, when the ſaid Solid E G is put into 
its Place or Hole in AC; and afterwards ſcrew'd in, 
when the Whole together appears as in the Figure, 


Pl. XIX. 
Fig. 7. 


LMNO. The Piece E G now becomes a Valve, or 


capable of permitting the Water to aſcend, and to 
prevent its Deſcent, 


35- That the Water puſhing againſt the Bottom of 


the Valve will raiſe it upwards, is evident from the co- 


nical Form thereof, and its lying in the Hole only by 
its own Weight ; the Length of the Key at K bein 
ſufficient to permit ſuch a Riſe of the Valve as wil 
admit a Space between it and the Hole for the Water 
to paſs as freely as required : And that the Valve ma 
not be thrown quite out of the Hole, the croſs Piece 1 
1s added, of a greater Length than the Diameter of the 
loweſt Part of the Valve. | 

36. If the Valve E G and its Socket A C he of Braſs, 
and fitted, by grinding them with Emery firſt, and 
Putty afterwards, with a Drill-Bow into each other, 
o will not only be Water-tight, but even Air-tight ; 
and that tuo if but lightly 1 with fine Emery or 
Putty; for if they are ground to a Poliſh, the Attrac- 
tion of Coheſion will take place, and prevent the Valve 
from riſing ſo freely as it ought to do; yea, ſometimes 
thoſe Surfaces have been found to cohere fo ſtrongly, 


that the Force of the riſing Water could not overcome 


it: But all this will be prevented, and every thing ſuc- 
E 4 ceed 
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Pl. XIX. 


Fig. 8. 


Fig. 9. 


6 1 57 The Common SUCKING Pop (as it is call'd) 
15.10 


Hy DRAUL1CS, 
to enter by the Valve I into the Air-Veſlel 
a bod; and the like being done alternately 
1 7170 by 


ceed to one's Wiſh, ala 4 are made as above directed, 
5 learn'd by long Experience and trying every 
ay. 


far deſcribed in the Theory, that ſcarce any Thing 
mare can be. ſaid to explain it. However, I have 
given the Figure of ſuch a Pump, in which A is the 
Litern, AR the Barre} or Pipe ſtanding in the Water 
EF, the Piſton G D with its Bucket and Valve D, 
and the Valve C open for the Aſcent of the Water 
through it. 

38. A Forcing Pumy of the common Sort is thus 
conſtructed ; A B is the Barrel ftanding in the Water 
of the Well or Mine at B; GC is the Piſton ; and C 
a ſolid Piece without any Hole or Valve, becauſe no 
Water is. to paſs throu h it, as in the other. This 
Piece ſhould be well leather'd, to fit the Barrel ve 
nicely, that in its Motion neither Air nor Water mould 

ſs Iu At a Diſtance below, a Valve with its 
Au. is fixed in the Barrel, as at DO. Between 
this and the loweſt Situation of the Piſton C there goes 
off a Pipe at H, in which there is fixed a Diaphragm 


and Valve, as at E. Now the Piſton being drawn up 


Fig. 10. 


from C towards A, attenuates the Air above D, by 
which means the Water ruſhes into the Space C D; 
then when the Piſton is forced down, as the Water 
cannot repaſs at D, it is forced to aſcend into the Pi 

at H, and through its Valve E into the Ciſtern F. 
e may be ſituated at any Diſtance above the 
4 from whence the Water will run off by the 

pout. 

39. A LirTinG Puur is a Forcing Pump of ano- 
ther Form or Structure. AB is a Barrel fixed in a 
Frame IE LM, which alſo is fixed immoveable, with 
the lower Part in the Water to be exhauſted, GEQ 
HO is a Frame with two ſtrong iron Rods, moveable 
through Holes in the upper and lower Parts of the 

Pump 
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by the other Barrel WX, and its Piſton 8, 
the Air-Veſſel is by this Means continually 
| filling 


Pump IK and L M; in the Bottom of this Frame QH 
is fixed an inverted Piſton BD, with its Bucket a 
Valve upon the Top at D. Upon the Top of the 
Barrel there goes off a Part E R, either fixed to the 
Barrel, or moveable by a Ball and Socket, (as here re- 
preſented at F) but in either Caſe ſo very nice and tight, 
that no Water or Air can. poſhbly get into the Barrel 
which would ſpoil the Effect of e Pump. In this 
Part, at C, is fixed a Valve opening upwards. Now 
when the Piſton-Frame is thruſt down into the Water, 
the Piſton D deſcends, and the Water below will ruſh 


up through the Valve D, and get above the Piſton; 


where, upon the Frame's being lifted up, the Piſton 
will force the Water through the Valve C up into the 
Ciſtern P, there to run off Þy the Spout, Note, this 
Sort of Pump is ſet ſo far in the Water, that the Piſton 
may play below the Surface of it. 160 

40. The MEercuriar Pour, or that which works 
by Quickſilver, is the next which I ſhall deſcribe. It 
was the Invention of Mr. Jaſbus Hoſkins, and brought to 
its preſent Perfection by Dr. Deſaguliers, together with 


his Workman Mr. William Vreem. As this is one of 


the moſt curious of modern Inventions, I ſhall be alittle 
the more prolix in its Deſcription ; which I ſhall give 
from a Model that I have made to explain the Nature 
and Manner of working in this Pump to thoſe who at- 
tend my Lectures in Philofophy. This Model works 
very well, and is here repreſented in its real Magnitude 
in the Figure. | . 
1. A Bis a Ciſtern placed on the Top of a Braſs 
Tube POQR, open at each End PR and OQ. To- 
wards the upper Part of the Tube at F is inſerted (or 
ſolder' d) a curved Pipe FG, opening into the Tube at 
F; and in the End G is cemented a Glaſs Tube G H, 


fixed below in an hollow Box L K, full of Holes for 


the Admiſſion of Water, into which it is immerſed. 
MNS is an exterior Tube, open at the Top MT, 
and 


Pl. XX. 
Fig. Is 
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preſſes the Air above the Surface of the 
| | Water 


and cloſe at the Bottom NS; in which Bottom is 
firmly fixed another hollow Tube VX VW, cloſe on 
the Toy XV. This inner Tube may be a ſolid Piece 
of Wood, as in my Model it is. This inner Tube 
or Cylinder of Wood goes up into the Fube QOPR, 
at the ſame Time that this is inveſted by the exterior 
Tube MNS T, as is ſeen in the Figure. In the lou 

Part of the Pipe at H is a Diaphragm, and a Valve I, 
opening upwards for the Aſcent of Water when a Va- 


cuum is made. At C D in the main Tube, above the 


Inſertions of the Pipe, is another Diaphragm and Valye 
E, opening upwards alſo to give Paſſage for the Water 
in the forcing Part of the Stroke. 5 
42. The conſtituent Parts of the Pump being thus 
deſcribed, we are next to view the peculiar Manber of 
working by Quicthſilver, which for that Purpoſe is pour's 
into the exterior Tube M S, which, when applied to 
the Pump in its Place, will be made to riſe in two cy- 
lindric Shells; one about the Tube of the Pump out- 
wardly ; the other within, about the innermoſt Tube 
or Plug X Q, as repreſented in the Figure at a, J, and 
c, d. At the Bottom there is but one cylindric Shell, 
becauſe the middle Tube does not = the Bottom, 

leaving the Space VOW Q., * 
43. From this Account tis eaſy to obſerve, that the 
Part CO OD anſwers to the Barrel of the Common 
Pump, F GH to the Pipe, the inner Tube X Q to the 
Piſton, and the Quickſilver at Bottom to the Leathers 
of the common Piſton; for it prevents all Communi- 
cation of the external Air and internal Part of the Bar- 
rel, where the Vacuum is to be made, Whence tis 
evident, that upon letting down the outer Tube M 8, 
it carries down the inner Tube X Q at the ſame Time, 
and makes a larger Space in the Barrel and Pipe, in 
which the Air will be expanded or become rarer, and 
its Spring thereby weakened. In conſequence of 
this, the Water will rife through the Valve at 1 _ 
the 
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Water in the Veſſel, and thereby” propor- 
tionably augments its Spring; which at 
length 


the Pipe, and alſo the Mercury will riſe in the inner 
Shell by the Preſſure of the Ait on the outer Shell, till 
the Equilibrium be reſtored: And the Height of tlie 
Water raiſed will be nearly 14 Times as great as that 

44. When the Tube 8 M is raiſed again, the Air 
will be compreſs'd within the Barrel; and, its Spring 
increaſing, it will act upon the Water, the Mercury 
of the inner Shell, and the Valve E; the Water above 
the Valve it cannot move, becauſe of the Valve being 
Hut below ; its whole Force is therefore ſpent on the 


Mercury, and Valve E; it will act on the inner Shell 


of Mercury, and drive it down to the Level of that 
in the outer Shell, as at ab, cd; and then the Preſſure 
will be every where equal, vzz. on the inner and outer 


Shell, and on the Valve E; as the Tube after this 


continues moving up, the Air will be farther com- 
preſs'd, and its Springs made greater than that of the 
outward Air, which therefore it will overcome, and 
ſo thruſt up' the Valve E, till fo much has eſcaped as 
leaves the Remainder of an equal Tenour, or in Equi- 
librio with the Atmoſphere. The two Shells of Mer- 
cury will be upon a Level all the while the Air is go- 
ing through the Valve, becauſe the Preſſure is not greater 
within than without. he | þ 40 x 42 
45. By repeating the ration a ſec ime, 

Ait will be farther rarified, and the Water will again 
riſe in the Pipe; and thus on till the Pipe and Barrel 
be full as in the common Pump; and hence tis evident 
all thoſe Theorems raiſed in the 2 Articles, 
are equally applicable here as there. This uy made 
at large for Uſe, ſhould have the — imen- 
fions: The Length of the outer Tube MN = 39 
Inches; of the inner Tube X Q = 8 Inches; the 
Diameter of the inner Tube X Y or QO Inches; 
the Thiekneſe of the outer Tube = # of an Inch, 


of 
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length is fo far increaſed, as to re-act with 
_ Force 0 on the Surface Y Z of the ſubs 
Jacent 


of the middle one 12 of an Inch, and of the inner one, 
1% of an Inch, and the Bottom of the Tube Z O to 
cone within an Wehe Bottom N $ of the outer 


„ Theſe Di Dimenſions "afford, ſufficient. Stren if 

the Tubes“ or Barrels are made of Copper, or caſt Iron, 
and of ſuch a Diameter, that the Diſtance between each 
may be £ the Tenth of an . and this ſhould be. 
wicely effected by having the Tubes truly turned in 3 
Lathe. A tranfverſe Section of a Part of the Circum-, 
ference of thoſe Tubes, their Thickneſſes, and 8 
between, you ſee repreſented in the Fig. 2. wh re, 
AB is the outer, C D the middle, and EF the inner 
Tube. The Spaces between . ſo narrow, berauſe 
otherwiſe too great a Quantity of Quickſilver would 
neceſſary, and yet of no Uſe; becauſe Fluids preſs only, 
according to the Altitude, and not the uantity. 

47. If now every Part be fitted for Work, an Mer⸗ 

poured in to the 989 of 24 Inches, 28 thewn, 

by aNS4; and the Barrel and Pipe fill'd with Water; 
ſo that the whole Pump be full, and in Equilibria with, 
the Atmoſphere ; if the outer Tube M$ be moved. 
down through the Space of 14'Inches, at the Com- 
mencement of the Motion, the A: brium in the Pump 
is deſtroyed by the greater Space which would enfue 
upon the Deſcent of the Inner Tube X Q, and which, 
cannot be ſuffered, becauſe of the Preſſure of the Air 
on the Water at H, and on the Mercury in the outer 
Shell at a, d. And becauſe theſe Preſſures of the Ait 
outwardly at H and à are equal, but there is not an 
equal Preſſure inwardly on the Valve I, and the inner 
Shell of Mercury b, e; the Valve being preſs d with all 
the Water in the Pipe above it, and which is propor- 
— to the Altitude C g; and the Surface of the Mer- 

cury of the inner Shell at 5, Gs being preſs'd only with 
the Altitude of Water C % 'tis plain the Water will 


not 


not ruſh in at I till the Preſſure c 
to it, and that will be when the Height of the inner 
Shell at þ is greater than that of the outer Shell at a, 
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jacent Water; which aſcending - thraug] 
the ſmall Tube ef to, the Stop-Cack e g, is 


on 5, e, becomes equal 


by near vr Part of the Difference of the Altitudes þ g ; 
and then the Preſſure being equal at & and I, upon 45 
Motion of the Tube X Q downwatds, the Water wil} 
be forced up through the Valve at I, and the Height 
of the Mercury in the Inner Shell will always exceed 
that in the outer Shell, in ſuch Manner, that the Ex- 
ceſs will be about „, of lg, or the Height of the Point 
n W 1 boi 8 3 
8. When the outer Tube is in its Situation, 
* Mercury in the inner Shell will be nearly at the 
Top XY of the inner one, and in the outer Shell it 


will have but a ſmall Height as a O, or Qd. And 


when the Tube M S is drawn up again, the inner Tube 
XW will force the Water in the Pump to act upon 
the upper Part of the Valve I, the under Part of the 
Valve E, and the Surface of the Mercury at 6 in the 
inner Shell. The Valve I it ſhuts cloſe, the Valve E 
it endeavours to puſh up but cannot, till it has firſt re- 
duced the Mercury in each Shell to a, Level, when they, 
ballancing each other, produce an Equilibrium with the 
external Air acting equally on the Surface of the Mer- 
cury in the outer Shell at a, and on the Valve E. Af- 
ter this, as the Tube MS continues its Motion up- 
wards, the Mercury will rife in the outer Shell, the 
Prefſure now on the inmoſt being greateſt. And for 
every 14 Feet the Water is forced ove the Surface of 
the inner Shell þ, the Mercury will riſe in the outer 

one, one Foot. * het 2 
49. Becauſe the StruQure of this Pump makes the 
Theory of its Operation not quia ſo eaſy and obvious 
to thoſe who have not conſider'd it very thoroughly, 
(as I have found by frequent Experience in my Lec- 
tures) I have contrived to repreſent it.more plainly, by 
a Kind of Syphon or Pump of a very ſimple Form, and 
| yet 
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there, upon turning the Cock, ſuffereſ tb 
paſs” throught a Pipe 5, fixed to a Ball and. 
„ 7 Socket, . 


t acting on the very fame Principles as this er 
ump under Conſideration. The Syphon is HGFZ | 
NSM, where HGF is the Water Pipe as in the Pump; 
Z N repreſents the inner cylindric Tube, and MS the 
outer one; OF Zz Q.is the Barrel in which the Piſton 
VX moves (Which is à Forcer, or without a Valve) 
and CR a Conduct- Pipe to carry away the Water forced 
through the Valve E. In all this it is eaſy to ſee the, 
Analogy between this Syphon and the mercurial Pump. 
Its Operation likewiſe is the ſame. oy 2 
50. For let Mercury be poured into the Legs M 8 
and Z N, it will come to a Level at a, b. Now ſup- 
poſe the other Part of the Syphon full of Water, and 
the Piſton raĩſed, tis plain the Water at H cannot open 
the Valve I, till a Column of Mercury be raiſed in the 
eg Z N above the Surface of that in the outer 
M8, ſufficient to balance the Weight of the W 
in the Pipe H F, then will the Preſſure of the Air be 
al upon the Water H, and the Mercury in the Leg 
MS; and az the Motion of the Piſton is continued, 
the Water and Mercury will continue to riſe with equal 
Momenta, and therefore the Mercury will riſe 1 Inch 
for every 14 Inches nearly, till the Piſton ſtops. _. 
51. When this happens, the Surface of the Mer-' 
= in the Leg ZN will be at'c, and that in the Leg 

at 


d; and now, if the Piſton be puſhed down 
again, it will cauſe the Water to ſhut the Valve I, and 
to act on the Mercury at c, and on the Valve at E, 
but the Preſſure of the Air at E will not ſuffer the 
Valve to riſe till the Preſſure there be greater within 
than without, which it cannot be till the Surface of 
Mercury in the outer Leg Ms be higher than that in 
the inner one; wherefore, before the Valve E can open, 
the Mercury in each Leg muſt come again to the Level 
a, b; after which, the Mercury will riſe in the outer 
Leg M, ſo as to be always in Equilibrio with the Was 
ter in the ConduQ-Tube RC, and the Part Ce of 

the 
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Socket, from the Orifice of which.it iſſues 
with a great Velocity, to a, very great 


4 


the inner ; ſuppoſing the Mercury now ſtands at 
in that, 41 Vin the other: And then the ſaid Height 
of the Water will be nearly 14 times the Height d > 
or ce. I think all this is very eaſy. to underſtand from 
the common Principles of Hydroſtatics, and if this be 
underſtood, the Nature of the Pump muſt, as being 
the very ſame Machine with a different Diſpoſition of 
its Parts. | 4 $- cot \# £2 att, 

2. From this Theory of the mercurial Pump, tis 
eaſy to infer, that in conſtructing one, the Part 250 Q 
ought to be placed in the Middle of the Height from 
the Water H to be raiſed, to the Ciſtern:A B which 
receives and delivers it ; or more nicely, the level Sur- 
face a be d of the Mercury when the Pump is full, and 
juſt 8 work, ought to be in che middle Point of 
the Line Pg; the Reaſon is, becauſe in the Deſcent and 


F 2 
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Aſcent of the Tube M8, the Differences between the 


Altitude of the outer and inner Shells a d and e are 


equal, and in each Caſe a 14th Part of the Height of 
the Water below or above it. F, 
53. Suppoſe the whole Height from the Water to 
the Piſton be Pg = 60, Feet; then aP = ag.= 30 
Feet, or 260 Inches; then alſo 14) 369(26 nearly, that 

is, the 
Shells will be about 26 Inches. The Place there- 
fore where they ought to be on a Level is at leaſt 13 
Inches below M, or the Quickſilver muſt never be poured 
in to a Height N à greater than about 15 or 16 Inches, 
or 17 at moſt, If the Height P g be greater than 60 
_ the Tubes MS, &c, muſt be proportionably en- 

arged, | 

54, To compute the Quantity of Quickſilver in the 
Shells; let AC BD be the Area of the Top of the 
inner Tube X Y, and EHF G the Area of the Surface 
of the intnoſt Mercury Shell ſurrounding .it ; then be- 
cauſe AB =6 Inches, we have AB X, 7954 = 36 
'X 0,7854 = 28, 274 the Area of the Circle AD BC. 
| Ayain, 


ifference of the Altitudes in. the mercurial 


Pl. XX. 
Fig. 5. 


2 £2 
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Height or Diſtance, in a ſmall continued 
Stream, directed every Way, or to any par- 
ticular 


Again, ſince the Diameter E F is 6, 1, the Area of the 
Circle EH F G will be E F* X O, 7854 = 29,224 3 but 
29,224 — 28,274 = 0,95 of an Inch, the Area of the 
annular Surface of Mercury; wherefore 26 X 95 2 
24,7 the cubic Inches of Mercury contained in 26 
Inches Altitude of the inner Shell; which as it is leſs 
than«the Area of the Plug 28,274 ; ſhews that before 
the outer Tube MS can deſcend one Inch, the Water 
will begin to riſe to H, near 30 Feet below. 

55. Alfo becauſe the Circumferences of Circles are 
as their Diameters, and the Diameters of theſe Shells 
are as 6,1 to 6,36 (Art. 45.) therefore 6,x : 6, 36 : 
©,95-: ©,99 or 1 Inch; that is, every Inch of Altitude 
in the exterior Shell is x cubic Inch, and therefore when 
the Tube IM 8 (in the forcing Stroke) has deſcended 
; near 1 Inch, the Water will force up the Valve E, 

| the Mercury then' being about 26 Inches high in the 

outer Shell. | 

56. If the Water be but 30 Feet below the Ciſtern, 
the Heights of the Mercurial Shells will then be but 
half as great as before, viz. 13 Inches one above the 
other ; and then 12,35 cubic Inches of the inner Shell 

will equal 13 Altitude, which thercfore will riſe with a 

leſs Deſcent than + an Inch of the Tube MS, in the 
inner Shell, and of Aſcent in the outer Shell. There» 
fore if the Stroke or Deſcent of the Tube MS be 15 
Inches, there will be leſs than a 3oth Part of the Stroke 
loft, or a goth Part of the Labour beſtow'd in pumping. 
And if the Mercury Shells were but half as thick as 
here ſuppoſed, the Part of the Labour loſt would be 
but s of the Whole, which is far leſs than in any 
other Pump of this Kind, 

57. Since the Area of the Piſton X W is 28,274 
Inches, therefore every Inch of its Motion raiſes t 


28,274 Parts of a Gallon, or the 20,274 Parts of an 
282 17766 


Hogſhead; that is, 28,274)17766(=628,4 Inches of 
| Motion 


— Aa 5 = — 
— — — = 
N 8 — * 
— —— — — 


N ä 
=> —— — mer 
= — — 


— 
—_ ” I" WNT” — 
— ” 


- S—_— 
— IIS AA I or. —# 
— — — —— 


52 - a a — Sadr owe. _ 
E W—_— —— —— —_ ‚ —ñ by 
* - — 


. 


—— — * — 


N 2 ** 4 
- a. — . —— >—_— CoA — 


* 
. — — 
> — — 
— uw I. 


- ag — 
= * 


„„ WP wb 1 „ 4 - wi a © e CuCl Ol WnGo ca 0 ea... > 60 & ww 2 ; + 


Wl 
2 


NM — . "ll | 
0 . . will! 
l 
1 IE 
Z DL 
— yy (1 
. 


14 


1 ins f 


WH 0 


12 
ehe 
1 Wn: 


ml 


Aan 
101 Wil ( 


Di 


* 1 


| 0 


Will 
It MIt 


* 
[1 1 IN N 
9 1 
* r 
W 
ee Nl 
N 


I 


HY DRAULIes. 


Motion for an Hogſhead; Hence ga „ Strokes; each 
12 Inches, will raiſe one Hogſhead. And this, if the 
Weight be not greater than 10 Feet to which the Wa- 
ter is raiſed, may be done by an able Man in en! M. 
nute, working ſo as to be able to hold it all Day; as 


has been found by Experience, And therefore this is 


to be looked upon as the ne Ns which Per- 
ſons can expect from any Hydraulic Engine, to raiſe 
Water of any Kind hats, unleſs he can invent 
ſomething more compleat and perfect in this Kind, than 
the Pump we have now been deſcribing. |» , 
88. Another excellent Pump, of the lifting Sort, is 

the Invention of Meſſrs. Gaſſet and de la Denille, and ſet 
up in the King of Francs Garden at Paris. This 


Pump has this Peculiarity, that its Piſton works without 


Friction. The Form and Structure thereof is as fol- 
lows: ABC DEFGHIKL is a fort of Box in- 
clofing the Piſton. This Box conſiſts of two Parts, 
the upper AB CIK L, and the under one DEF GH. 
which ſhut upon each other. The Pifton within is 46, 
and is a circular Piece of Wood, about the Circumfe- 
rence of which is naiPd a Piece of well ſeaſoned Lea- 
ther, of a circular Form, and ſo wide, that when the 
Piſton is placed at the Bottom of the Box, the Leather 
may lie over the Sides thereof at D H all around; the 


Piſton and Leather thus placed on the upper Part, is 


forced down upon the Leather, and then both Parts 
ſcrew'd very faſt together. The Manner of which is 
very eaſy to apprehend from the Figure, where i gf d b # 
is the Leather going from the Piſton through the Join- 
ture of the Box. | 1 

59. Upon the upper Part of the Piſton is fixed a cirs 


cular (or any figured) Piece of Iron or Wood, denoted 
dy def, in the Top of which, at e, is:fixed the Rod 


of the Piſton QC, by. which the Piſton is drawn up 
towards the upper Part of the Cavity I, and from 
thence forced down again in working the Pump. Now 
as the Diameter of the Piſton is than that of the 


Cavity, it is plain that in its Motion up and down, no 


Friction can happen, as there are no Parts for it torub 
againſt, which is occaſioned by the Contrivance of ſuſ- 
pending it-on the Leather, - 5 

Vox. II. + So, In 


r ; 


65 


66 


5 


the Water is raiſed to a Ciſtern to run off. 
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60. In the bottom Part is fixed a Pipe F O 'to bring 
up the Water from the Mine or Well at O,. which it 


delivers into the Box by a Valve at c. In the Middle 


of the Piſton is likewiſe another Valve m opening up- 
wards, AL MN is a Tube or cylindric Pipe, in which 
*T'is eaſy to 
obſerve, that as the Piſton is drawn up, the Water will 
run in beneath, through the Valve c, to prevent a Va- 
cuum ; and alſo, that when the Piſton is forced down, 
the Water in the lower Parts muſt be forced up through 
its Valve, and when the Piſton is raiſed again, te 
Water above it will be forced up the Pipe AM to 
the Ciſtern. 

61. Another Thing peculiar to this Pump is, the 
Shortneſs of the Stroke of the Piſton, which is com- 
penſated by the largeneſs of its Area, and the greater 
Number of Strokes that may be made in the ſame 
Time. The only Objection to this Pump is, that it is 
always charged with the Weight of ſo much Water, as 
is equal to a Column of Water, whoſe Baſe is'equal 
to the Area of the Piſton, and the Height equal to that 
of the Reſervoir above it, as is evident from what we 
have ſaid in explaining the Hydreftatic Paradox. 80 
that the Tube ALMN has no Advantage in being 
ſmall, unleſs any particular Circumſtance or Conveni- 
ency require it. | 

62. ARCHIMEDES's SCREW deſerves a Conſideration, 
not only for its Antiquity, but its Uſefulneſs in raiſing 
Water. It conſiſts of a long Cylinder, with an hollow 
Pipe, Tube or Groove coil'd about it, as repreſented 
in the Figure; where the Cylinder is AB, and the 
Tube C D open at each End. It is placed in an oblique 
Poſition to the Horizon with the lower End in the Wa- 
ter to be pump'd away, the other End being ſupported 
on the lower Part of the Winch I K, by which the 
Screw and Cylinder is turned round. 

63. As ſoon as the Screw is immerſed in the Water, 
it immediately riſes therein by the Orifice C, to the 
Level of the Surface of the Water EF, and if the 


Point of the Helix or Spiral, which in the Beginning of 
the Motion is coincident with the Surface of the Water, 


happens not to be on the lower Side of the A 
Rang 5 0 
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the Water will upon the Motion of the Screw. move on 
in the Helix, till it comes to the Point which is on the 
under Side, and coincident with the watery Surface ; 


when it is arrived to that Point, which ſuppoſe at O, it 


cannot afterwards poſleſs any other Part of the Spifal, 
than that which is upon the loweſt Part of the Cylin- 
der, for it cannot move from O towards H or G, 
becauſe they are ſituated higher above the Horizon; 
and ſince this will ever be the Caſe, after the Surface 
of the Water in the Helix has attained the Point O, 


it is plain it muſt always be on the under Side of the 


Cylinder, F 

64. But ſince the Cylinder is in Motion, every Part 
of the ſpiral Screw from O to D, will by Degrees ſuc- 
ceed to the ſaid under Part of the Cylinder, the Water 
therefore in the Helix muſt ſucceed to every Part there- 
of, from O to D, as it comes on the lower Side ; that 
is, it muſt aſcend on the lower Part of the Cylinder 
thro' all the Length of the Pipe, till it comes to the Ori- 
fice D, where it will run out, as having nothing far- 
ther to ſupport it. Hence it appears, how much thoſe 
Gentlemen are miſtaken, who (affecting the Wonder- 
ful) ſay, that the Water aſcends by deſcending ; whereas, 
if they would have made the moſt of the Wonder, they 
might have ſaid truly, that the Water aſcends, becauſe it 
cannot aſcend, i. e. that it aſcends one way, becauſe it 
cannot aſcend another; but then the Wonder is loſt, 

6s. I obſerve'farther, with reſpe& to Pump-Work, 
that no ſingle Pump, though perfectly tight, will raiſe 
Water by a Piſton playing at a greater Piftance than 
32 or 33 Feet; and even then the Stroke of the Piſton 


muſt be more than 8 Feet (for ſince == p =. 8 Feet, 


than a= 32 = h, See Art. 30, 31, 33.) I fay, no 
Purap will raiſe Water to a greater Height than 32 Feet 
by a ſingle Piſton only; nor can this be remedied by 
ſeveral Valves in the Pipe below the Piſton, as ſome 


Gentlemen have pretended. . 
66. For let A B be the Barrel of a Pump, G F the 


Piſton, B E a Pipe going from the Barrel to the Water F 
at E, 60 Feet below it; and let B, C, D, E, be 4 


Valves placed in the Pipe at 20 Feet Diſtance from each 
| F 2 other, 


| 
| 
i 
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Pl. XXI. 
Fig. 4. 


Fig. 5. 


CD is a pretty large Veſſel filled with Water to thalf 


other. Now when the Piſton is drawn up from B to . 
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a Vacuum will be made between, but the Valve B will 
not riſe by the Water below it; for the Water in ti 
Part B C cannot riſe itſelf, much leſs can that in this 
Part C D below it, as being prefs'd with the Weight ll 
the Column above, and its own Weight downward 
therefore no Part of the watery Column B F can ma 
of itſelf, or by itſelf, Now no Power can be appliel 
any where but at E to move the whole Column; nal 
can the whole be moved without raiſing all the Valve 
at once; therefore the Power able to raiſe the Valye 
E, end conſequently the Valve at B, muſt be able wi 
overcome the Preſſure of a Column of Water 60 Feet 
high: But the Air can ſuſtain a Column only of 
Feet high ; therefore the Air cannot raiſe the Valve 
nor any of the reſt ; therefore the Water cannot riſe il 
the Barrel A B of a ſingle Pump. | 3 
67. However, we may raife Water by a compount 
Pump, ſuch as is repreſented in the Figure, where 
is the Rod of the Piſton, which at B is divided int 
two, one of which goes to the Barrel D E, and draw 
up the Water from the Ciſtern EF; the other PA 
B C goes down to the ſaid Ciſtern, where it is dividel 
at C into two other Parts; one going to the Pump F 
ſupplies the Water to the Ciſtern EF; the other PA 
CH goes to anotlier Pump I K below, and draws 'u 
the Water from K to the Ciftern HI. Now the 
Pumps all working at once, will draw Water from 
any Depth, provided each Pump does not exceed 3 
Feet in Height. 9 
618. 1 ſhall conclude this Subject with an Account d 
one other Method of raiſing Water, by the natural 
Agency of Heat and Cold only. It is as follows, AW 


Height EF, the Space above being poſleſs'd of Al 
On the upper Part of the Veſſel is a tall Tube inſertef 
G H, and deſcends below the Surface of Water to Ki 
On the nether Part is another Tube or Pipe I W. In 
each Tube is a Valve opening upwards, as at I and Gi 
The Body of this Inſtrument being ny cloſed every 
where, ſo that no Air can eſcape, and placed with th 
lower End in the Water W, and thus continued in = 
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wh 


ticular Place, by. means of the Ball-and 
Socket (LXXIX.) 23 EIN 
N THERE 


hot Sun of a Summer's Day, the Air will be rarified 


by the Heat of the Sun in the upper Part, and will 


69 


compreſs the ſubjacent Water, * force it up through 
3 


the Valve G into the Tube G H, and by the Cold of 
the following Night it will be condenſed again, and 
then the Preſſure of the Atmoſphere will force the Wa- 
ter at W up the Pipe WI, to repleniſh the Veſſel each 


Day. And in this Manner may Water be raiſed in a 


conſiderable Quantity in the Summer Time, or in very 
hot Climes. * 

69. By ſuch a Contrivance as this, ſeveral curious 
Effects may be produced. Thus if a cylindric Cover 
be annexed.to the top Part of ſuch a Veſſel (diveſted 
of its Tubes,) it may be raiſed to collect the Sun-Beamg 
at Noon on the Top of the Veſlel, which will (6 
greatly rarify the Air within, as to make it produce a 
conſiderable Stream of Water through a ſmall Adjutage 
in the Side thercof ; which Stream may fall on a Wheel 
to play an Organ at Dinner, Sc. Thus alſo, an 


+ 


Image may be made to weep in the Sun-Beams, or at 


the Approach of Fire; with other Devices of the like 
Kind. | 
(LXXIX.) The greateſt Artifice of this Engine is 
its Contrivance to produce a continual Stream, which 
is done by Compreflion, and "Rs of Air in the 
Barrel, called the Air Veſſel a bea. or the Air, be- 


ing an elaſtic Fluid, will be capable of Compreflion in 
any Degrees by the Water forced in through the Valves 


at I, K; and fince the Force of the Air's Spring will 
always be inverſely as the Space which it poſſeſſes, 
(as will be thewn) it follows, that when the Air Veſ- 
ſe] is half full with Water, the Air will be compreſſed 
into half the Space it poſſeſs'd at firſt, and therefore its 
Spring will be twice as great as at firſt. | 

2. But this Spring at firſt vas equal to the Preſſure 
of the Atmoſphere; for f it was not, it could not 
have ſuſtain'd or reſiſted the Preſſure of the Atmoſphere 


EI which 


Pl. XXII. 
Fig. 1. 
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THERE is another Sort of Engine for 
raiſing Water, which works by Fire, 'in 
the 


which ſtood over it, and conſequently could not have 
fill'd the Veſſel before the Water was driven in; which 
yet we find it did, and maintain'd an Equilibrium with 
the common Air. The Veſſel then being half fill'd 
with Water, or the Air compreſſed into half the firſt 
Space, its Spring will be in this Caſe equal to twice 
the Preſſure of the Atmoſphere; and therefore when 
the Stop-Cock at p is turned, the Air within preſſing 
on the ſubjacent Water with twice the Force it meets 
with from the external Air in the Pipe ef, will cauſe 
the Water to ſpout out of the Engine to the Height of 
32 or 33 Feet, if the Friction is not too great. 


3. That it muſt ſpout to that Height is evident from 
Hence, that only one half the Force of the internal Air 


is ſpent in oyercoming the Reſiſtance of the exter- 
nal Air; and this being deſtroy'd, the remaining Half 
of the Force will be exerted in projecting the Water, 
which now muſt be conſider'd as ſpouting in Vacus (the 
Reſiſtance of the external Air being taken away), But 
in Jacus Water will riſe to the Height of 32 or 33 
Feet (as will be ſhewn hereafter) by the Preſſure of the 
common Air; therefore ſince the remaining half Force 
of the internal Air is equal to the Preſſure of the com- 
mon Air, it muſt cauſe the Spout to riſe to the Height 
of 32 or 33 Feet; and becauſe the Water keeps enter- 
ing the Veſſel as faſt as it ſpouts out, it keeps the Air 
under the fame Degree of Compreſſion, which there- 
fore muſt conſtantly act with the ſame Tenor on the 
Water, and produce a continual Stream to the ſame 

Height, | | 
4. When the Air: Veſſel is; full of Water, the Space 
which the Air takes up is 4 Part, whence its Spring will 
he 3 times as great as that of the common Air, there-. 
iore it will now projet the Water with twice the 
the Atmoſphere, and therefore to the Height 
of ©4 or 66 Feet, When the Air-Veſſel is 3 full of 
ks | | | Water, 
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the following Manner. ABC is a Copper= PLXXII, 
Veſſel, partly fill'd with Water to DE, | © © 
JH | which 


Water, the Air will be compreſſed into Part, and ſo 
will protrude the Water with a Force equal to 3 At- 
moſpheres, and therefore to the Height of 96 or 99 
Feet. And when the Veſſel is + full of Water, the 
Air will take up + Part, and will have its Spring 5 times 
as ſtrong as at firſt, and will therefore force the Water 
132 Feet high. - 

5. Hence tis eaſy to obſerve the Law by which the 
Spring of the Air will act on the Surface of the Water 
below it, viz. according to the Numbers in the Table 
below. 


Height of Of the Air Proportion of Height of 
the Water, compreſs". the Air's Spring. the _ 
1— — — 33 Feet. 
1 — * — — 3 — 66 


1—— 1— 


— 14 — — — 132 
S 
7 } rp — 2 
þ — — Y — 231 
2 1 — 
IG 1 0 


And thus for an ter Degree of Compreſſion. 

6. As the Alf. Veſſel is the Cauſe of the continual 
Stream, we may naturally infer, that if ſuch an Air- 
Veſſel wers adapted to the Common Houſe Pump, it 
would then become a Fire-Engine, or very uſeful for 
extinguiſhing Fires that may happen in or near the 
Houſe, Now this may be elected in a Manner either | 
the ſame with, or analogous to, that which follows. Pl. XXI. 
AB CD is the Barrel of the Pump, PH the Rod and Fig. 6. 
Piſton, CW the Pipe going down to the Water of 
the Well at W. Towards the lower Part of the Bar- 
rel is a ſhort Tube, by which the Air-Veſſel FE is 
fixed to, and communicates with, the Barrel of the 

F4 9 Pump. | 
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which being ſet over a Fire, and made td 
boil, will fill the upper Part DBE with a 
vaſtly elaſtic Vapour, the ſufficient Strength 
whereof is known by its forcing open a 
Valve at e: This heated elaſtic Steam 
is, by turning a Cock at F, let into the 
Barrel a 6 c d, where by its elaſtic Force it 
raiſes the Piſton G, which drives the Air 
above it through a proper Clack at the 
Top. After this, that the Piſton may by 

| its 


Pump. AMNL is a Collar of Leathers ſo fixed on 
the Top of the Barrel, and adapted to the Rod, that it 
may move freely in the Leathers, without permitting the 
Air to paſs in or out between. The Nozzle. or Spout 
D has a Stop-Cock S to ſhut off the Water, or let it 
paſs out as required, Q is a Piece ſcrew'd on to di- 
_ the Stream by a ſmall pliant Leathern Pipe at the 

nd. | 

7. Now 'tis plain, when the Piſton is raiſed from the 
Bottom of the Pump Barrel, the Water above it will 
be forced into the Air Veſſel, and there compreſs the 
Air (the Stop-Cock being ſhut) ; it will alſo compreſs 
the Air on the Top of the Barrel, for the Water will 
not be higher than the Spout D at firſt, when the Stop- 
Cock is ſhut : But afterwards, as the Air is confin'd, 
it will be compreſs'd at Top, and the Water will riſe 


to J. | 


8. This compreſs'd Air, in each Place, will a& upon 
the Water by its Spring, and, upon turning the Stop- 
Cock, will force it out in acontinual Stream, through 
a Pipe at Q, and that with a greater or leſſer Degree 
of Force, as Occaſion requires, that being abſolute 
in the Power of the Perſon working the Pump. This 


Invention we owe to the late Sir James Creed, 


HyYDRAULICS. 
its Weight deſcend, a little cold Water, 
from the Fountain f'g hz, is let in at the 
Bottom by turning a Cock at &, which, in 
Form of a Jet, condenſes the hot Steam 
in the Barrel into 13000 times leſs Spage 


than before it took up, which makes a 


ſufficient Vacuum for the Piſton to deſcend 
in, The Piſton G, and Lever H I, being 
thus put into Motion, do accordingly raiſe 
and depreſs the Piſton K in the Barrel of 
the forcing Pump LM on the other Side; 
which, by the Pipe N, draws the Water 
from the Depth W, and forces it to riſe 
and ſpout through the Tube O, continued 
to any Height at Pleaſure. This Engine 
is uſed to draw the Water from Coal- 
Pits and other Mines. Beſides theſe, there 
are various other Water-Engines of a 
more complex Structure; but as they all 
act on the ſame Principles with theſe two 
deſcribed, *tis needleſs to ſay any thing of 
them here (LXXX, LXXXI, LXXXL.) 


(LXXX) 1, The Firt-EnGiNE is the moſt ad- 
mirable, curious, and compounded Machine that we 
find among all thoſe whoſe Inventions have been owing 
to the Diſcoveries of Modern Philoſophy, and which 
affords the greateſt Advantages to Mankind. The Fire- 
Engine is of two Sorts, which I ſhall here give the 
Theory of, and Figures of each according to the lateſt 
Perfection in which they are made. The Account given 
above being only in relation to its firſt State and original 

5: Simplicity; 
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Simplicity: But it is now of a very different Form, 


though acting upon the ſame Principle, as will appear 
from the following hiſtorical Theory thereof. 
2. The Marquis oF WORCESTER, in his Cent 
of Inventions, (printed A. D. 1663.) is the firſt that 1 
now of who propoſed raiſing great Quantities of Wa- 
ter by the Force of Fire, turning Water into Steam; 


and he mentions ſome Engine of this Kind, which he 


ſaw play'd a continual Stream in the Manner of a Foun- 


tain, forty Feet high, He alſo ſays, that a Perſon at- 


tending it turn'd two Cocks; that one Veſſel of Water 
being conſumed, another begins to force and re-fill with 
cold Water; and this alternately and ſucceffively, the 
Fire being tended and kept conſtant by the ſame Per. 
ſon in the Interim between turning the Cocks. 

. Captain SAVERY, having read this Account, im- 
2 attempted to raiſe Water by Fire, and was 
the firſt who erected an Engine for this Purpoſe, of the 
Form we have ſince had them. To ſecure the Inven- 
tion to himſelf, he bought up all the Marquis's Books 


that he could find, and burnt them; and then pave out 


that he diſcovered the Method by Accident. e made 
many Experiments to bring the Machine to Perfection, 
and erected ſeveral for Gentlemens Seats, but could not 
ſucceed for Mines, the Depth from which Water was 
to be raiſed from thence being ſo great, that it required 
the Steam too dangerouſly ſtrong to be attempted in his 
Way. 

Fig Thus the Progreſs of the Engine was ſtopped, till 
long afterwards Mr. Newcomen an Ironmonger, and Mr. 
— Cowley a Glazier, (both Diſſenters of the Bai tiſt 

enomination at Dartmouth) contrived another Way 
to raiſe Water by Fire, where the Steam to raife the 
Water from the greateſt Depths of Mines is not re- 
quired greater than the Preſſure of the Atmoſphere ; 


and this is the preſent Structure of the Engine, and 


which is now of about 60 Years ſtanding. 

5. We have already ſhewn ( Annot. LEXVII, 67.) 
that Water may be drawn from any Depth by a Com- 
pound Pump. Suppoſe the Depth = 150 Feet, and the 
Diameter of the Pump-Barrel at p be * Inches, then 
the Weight of a cylindric Column of Water 1 EW 

x Ian, 
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high, and 7 4 Inches Diameter, will be about 3000 lb. 
If now the Rod of this Pump were hung by a Chain to 
the End of a Lever h h, as at H, and at the other End 
another Power were applied, as at P, with a ſuperior 
Force, the Pump might be worked, and the Water 
raiſed by that Power,  _ 14 

6. Now this Power cannot be human, or the Strength 
of Men ; for it will require x00 Men to. pull down the 
Beam, each pulling with a Force of 301þ ; and 100 
more to relieve theſe when weary ; for the Pump in a 
Mine muſt not ſtand ftill : But 200 Men would be too 
expenſive, If we allow Horſes, (and one Horſe equal 
to five Men) there muſt be 20 Horſes working at a 
time, and 20 more to relieve theſe; which great Num- 
ber of Horſes, though leſs expenſive than the Men, will 
be found too great an Expence for moſt Mines: And 
neither Men nor Horſes would-be able to give more than 
15 or 16 Strokes in a Minute, | 

7. Some other Power therefore muſt be applied ; 
and the Philoſopher readily offers his Service with his 
Air-Pump, and Preflure of Air. His Propoſal is to fix 
a large Barrel or Cylinder C C, truly bored, about 8 
or 9 Feet long and 22 Inches wide, on the Top of his 
Air-Pump ; and in this is a Piſton well leather'd, whoſe 
Rod L is faſtened to a Chain fixed to the End of the 
Lever at P. Now, ſays he, allowing 15 1b. of Preſ- 
ſure upon every Ge He, the whole Preſſure of Air 
upon ſuch a Piſton will be 5800 l. which is near twice 
the Force to be overcome. But this muſt be effected 
by exhauſting ſo large a Barrel by the Air-Pump, and 
which he cannot do more than twice in an Hour; ſo 
that he can produce only two Strokes in the Time that 
960 are neceſſary to keep the Water from overflowing 
the Mine, | | | 

8. But though the firſt Expedient fails, he makes a 
ſecond Propoſition, and that ſucceeds ; which is as fol- 
lows. B is a large Boiler, whoſe Water by the Fire 
under it is converted into elaſtic Steam, The great 
Cylinder C C is fixed upon it, and communicates with 
it by the Pipe Dd; on the lower Orifice of which 
(within the Boiler) moves a broad Plate, by means of 
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the Steam-Cock or Regulator E 10, ſtopping or open. 
ing the Paſſage, to prevent or permit the Steam to paſs 
into the Cylinder, as Oceafion requires. The Diame- 
ter of the Pipe D is about 4 Inches. * 

9. The Steam in the Boiler ought always to be a 
little ſtronger than the Air, that, when let into the 
Barrel, it may be a little more than a Balance to the 
Preſſure of the external Air, which keeps down the 
Piſton at the Bottom din. The Piſton being by this 
means at Liberty, the Pump-Rod will, by its great 
Weight, deſcend at the oppoſite End to fetch a Stroke ; 
For the Weight of 70 or 80 Yards of Iron-Rod amounts 
to about q or 10 Hundred; whereas the Piſton, and 
other Weights at the other End, is not above 4 or 4+ 
Hundred. The End of the Lever at the Pump there- 
fore will always preponderate the other, and deſcend 
when the Piſton is at Liberty, 

10. The Handle of the Steam-Cock E 10 being 


turned towards n, opens the Pipe D to let in the Steam; 


and being turned towards O, it ſhuts it off, that ng 
more can enter. The Piſton is now raiſed towards the 
Top of the Barrel at C, and the Barrel is full of Steam. 
The Lever O 1 muſt then be lifted up, to turn by its 
Teeth the Injecting-Cock at N, which permits the 
Water brought from the Ciſtern g, by the Pipe g MN, 
to enter the Bottom of the Barrel at z, where it flies up 
in the Form of a Fountain, and ſtriking againſt the 
Bottom of the Piſton, the Drops being driven all over 
the Cylinder will by their Coldneſs condenſe the Steam 
into Water again, and precipitate it to the Bottom of 
the Barrel. 

11. Mr. Hen. Beighton made an Experiment to de- 
termine the Rarity of the Steam, and found the Con- 
tent of the — of Steam was 113 Gallons; and 
ſince there were 16 Strokes in a Minute, therefore 113 
X 16 = 1808 Gallons of Steam per Minute, He alſo 
obſerved, that the Boiler required to be ſupplied with 
Water at the Rate of 5 Pints per Minute; and ſince 282 
cubic Inches make a Gallon, 35 + make a Pint, and 5X 
354 = 156+ in 5 Pints; alſo the cubic Inches of Steam 
are 1808 X 282 509856; if then we ſay, As 176: : 

509856 
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309856 : 1: 2893; or one cubic Inch of Water is 
expanded into 2893 Inches of Steam: Conſequently 
the Steam in the Barrel is reduced to 2 Part, when 
turned to Water by the Jet of cold Water; and there- 
fore a ſufficient Vacuum is made in the Barrel, for the 
piſton to deſcend unbalanced, by the Preſſure of the 
Air. | 1 

12. The Piſton being forced down raiſes the other 
End of the Lever, and conſequently the Pifton of the 
Pump, which brings up and diſcharges the Water at p. 
Now the whole Operation of opening and ſhutting the 
Steam-Regulator and Injection-Cock, will take up but 
little more than 3 Seconds, and will therefore produce 
very well 16 Strokes in a Minute. | 

13. That the Ciſtern g may always be ſupplied with 
Water, there is an Arch x fixed near the Arch H at 
the Pump-End, from whence another Pump-Rod + with 
its Piſton draws Water from a ſmall Ciſtern near the 
Mouth of the Pit (ſupplied from the Water raiſed at p) 
and forces it up the Pipe m m into the Ciſtern g, which 
therefore can never want Water. | | 

14. That the Leathers of the Piſton C may be al- 
ways ſupple, and ſwelled out ſo as to be always Air- 
tight, a ſmall Stream of Water is ſupplied from the 
Injecting-Pipe M by the Arm z. On the "Top of the 
Cylinder is a larger Part or Cup L, to hold the Water 
that lies on the Piſton, leſt it ſhould overflow when the 
Piſton is got to its greateſt Height, as at W; at which 
Time if the Cup be too full, the Water will run down 
the Pipe V to' the waſte Well at V. 

15. The Water in the Boiler, which waſtes in ge- 
nerating Stcam, is ſupplied by a Pipe FF about 3 Feet 
long, going into the Boiler a Foot below the Surface 
of the Water, On the Top of this Pipe is a Cup or 
Funnel F, ſupplied by the Pipe W with Water from 
the Top of the Ciſtern, which has the Advantage of 
being always warm, and ſo not apt to check the Bol 
ing of the Water in the Copper. or 

16. That the Boiler may not have the Surface of the 
Water too low, (which would endanger burſting) or 
too high, (which would not leave Room 1 for 


team) 
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Steam) there are two · Gage-Pipes at G; one going: 
little below the Surface of the Water when at a pro- 
per Height, and the other ſtanding a little above it, 


When every thing is right, the Stop- Cock of the ſhorts 


Pipe being open'd pives only Steam, and that of the 
long one, Water; but if otherwiſe, both Cocks wil 
give Steam when the Surface is too low, and both give 
Water when it is too high; and hence the Cock which 
feeds the Boiler at F may be opened to ſuch a Degree, 
5 always to keep the Surface of Water to its due 
eight. psf oy 
5 The cold Water, conſtantly injected into the 
Cylinder to condenſe the Steam, is carried off by the 


Eduction-Pipe 4 T Y, going from the Bottom of the 


Cylinder to the Waſte Well V, where going a little 
under Water it has its End turned up, with a ValveY 
to keep out the Air from preſſing up into the Pipe, 
but permitting the injected Water coming the othe 
Way to be diſcharged ; whereby the Cylinder is kept 
empty. 
18. Leſt the Steam ſhould grow too ſtrong for the 
Boiler, and burſt it, there is a Valve fixed at ö, with a 
perpendicular Wire ſtanding up from the Middle of it, 
to put Weights of Lead upon, by which to examine 
the Strength of the Steam puſhing againſt it from with- 
in, Thus the Steam is known to be 2s ſtrong as the 
Air, if it will raiſe up ſo much Weight on the Valve 
as is at the Rate of 15/6. to an Inch ſquare becauſe 
that is the Weight of Air (nearly) on every ſquare 
Inch, as will be ſhewn in its Place, When the Steam 
becomes ſtronger than what is required, it will lift up 
the Valve, and go out. This Valve is called the 
Puppet-Cleck. | 
19. The Steam has always a variable Strength, yet 
never s ſtronger or weaker than common Air: For it 
has been found that the Engine will work well, when 
there is the Weight of 1/4, on every ſquare Inch of 
the Valve 5. This ſhews that the Steam is then x; 
Part ſtronger than the common Air. Now as tlie 
Height of the Fecding-Pipe from the Funnel F to the 
Surtace of the Water Ss is not above 3 Feet, _ 35 
ect 
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Feet of Water is 2 of the Preſſure of the Air; if 
the Steam were * Part ſtronger than Air, it would 
puſh the Water out at E; which ſince it does not 
do, it cannot be ſtronger than Air, even in this Caſe, 
where, the Regulator being ſhut, it is moſt of all con- 
fined. 3 

20, When the Regulator is open'd, the Steam gives 
the Piſton a Puſh, which raiſes it up a little way; then 
falling a greater Space, it comes to be of the ſame 
Strength, and ſo a Balance to the Atmoſphere ; thus 
the Piſton, being at Liberty, riſes to the Top W. 
The Steam, now expanded into the whole Capacity of 
the Cylinder, is weaker than the Air, and would not 
ſupport the Piſton were it not for the greater Weight 
at the other End of the Lever, which keeps it up, The 
Steam each Stroke drives the injected Water of the pre- 
ceding Stroke out of the Eduction-Pipe 4T V, and 
would itſelf follow, and 'blow out at the Valve Y, 


(which is not loaded) if it were ſtronger than the Air, 


which it never does, If it were exactly equal to the 
Strength of the Air, it would juſt drive all the Water 


out at V, but could not follow itſelf, the Preſſure be- 


ing on each Side the Valve equal by Suppoſition. If it 
be weaker than the Air, it will not force all the Water 
out of the Pipe 4 T Y, but the Surface will ſtand ſup- 


poſe at T, where the Column of Water T Y added to 


the Strength of the Steam is. equal to the Preflure of 
the Air, When the Steam is „ weaker than the Air, 


the Height TY 3 Feet. Now ſince the whole per- 


pendicular Diſtance from d to Y is but 4 Feet, and the 
Steam always ſufficient to expel the Water; it is plain 
it can never be more than 2 Part weaker than the 
Air, when weakeſt, 

21. There is Air in all the Water injeRed ; and tho' 
that Air cannot be taken out or condenſed with the 
Steam, yet will it precipitate and fall through the Steam 
to the Bottom of the Cylinder, as being much heavier. 
For it has been ſhewn, that Steam is to Water, as 1 to 
2893 in its Denſity, but the Denſity of Air is to that 
of Water, as 1 to 864 (as will be ſhewn) therefore the 
Rarity of Steam is to that of Air, as 2893 to 864; _ 
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and is 2 little ſtronger than the outward Air, ii 


Arch P, a Chain, from which hangs a perpend 
Piece or working Beam QQ, which comes 


PP * ] 
1 } 
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Air will therefore fall through the Steam to the Bll 
tom, and from thence” be driven out through a Til 
Pipe opening into the Cup at 4, on which is a Me, 
Now when the Steam ruſhes into the Cylit 


force the precipitated Air to open the Valve a 
and make its Eſcape; but the Steam cannot fi 
becauſe it is weaker than the outward Air, 3 
Piſton gives it room, by aſcending, to expand. 
_—_ {from the Noiſe it makes) is call'd the SI 
lack. © AJ. 9 =” 
22. Among the greateſt Improvements of this 
gine, we may reckon that Contrivance, by which 
ngine itſelf is made to open and ſhut the Regulatoranl 
Injection-Cock, and that more nicely than any Pala 
attending could poſſibly do it. For this Purpoſe ha 
is fixed to an Arch Z, at a proper Diſtance from 


quite to the Floor, and goes through it in a 
which it very exactly fits. This Piece has al 
in it, and ſeveral Pin-Holes, and Pins, for the 
ment of ſeveral ſmall Leyers deſtined to the ſaid 
of opening and ſhutting the Cocks, after the folloji 
Manner. © | | . 

23. Between two perpendicular Pieces of Wo 
each Side P, there is a ſquare Iron Axis A B (ina 
following Fig. where this Part is repreſented. by 
for Diſtinctneſs) which has upon it ſeveral Iron Biel 
of the Lever Kind. The firſt is the Piece C&W 
called the V, from its repreſenting that Letter inven 


by its two Shanks E and D; on the upper Part 


Weight F to be raiſed higher or lower, and fixe, 
Occaſion requires. This I is fixed very faft upon 
ſaid Iron Axle AB. "ll 

24. From the Axle hangs a Sort of an Iron Sti 
IK LI, by its two Hooks II, and having on the low 
Part two Holes K, L, through which patles a long al 


Pin L K, and key'd in the fame, When this Pin wan 
in, it is alſo paſs'd through the two Holes in the End 
E, N, of the horizontal Fork or Spanner E QN, jou 
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it its End Q to che Handle of the Regulator V 10. 
From Q to O are ſ&veral Holes, by which, the ſaid 
Handle may be fixed to that Part of the End which is 
moſt convenient. wo 


the V, an Handle or Lever G 4, which goes on the 


Another Handle alſo is faſtened upon the ſame Axle, 
viz. H 5, and placed at half a Right Angle to the for- 
mer G4; this paſſes through the Slit of the Piece 
QQ lying on one of its Pins. Hence we ſee, that 
when the working Beam goes up, its Pin in the Slit 
lifts up the Spanner H 5, which turns about the Axle 
ſo faſt as to throw the Y with its Weight F from C 
to 6, in which Direction it would continue to move, 
after it paſs'd the Perpendicular, were it not prevented 
by a Strap of Leather fixed to itat O E, and made faſt 
at the Ends m and , in ſuch Manner as to allow the 
Y to vibrate backwards and forwards about a Quarter 
of a Circle, at equal Diſtances on this Side and that 
of the Perpendicular. | [x +698 
26. As Things are repreſented in the Figure, the 
Regulator is open, its Plate T being ſhown on one 
Side the Pipe 8 which joins the Cylinder and Boiler, 
The Piſton is now up, and alſo the working Beam near 


the Spanner H 5, that the Weight F on the Head of the 
Y is brought ſo far from u, as to be paſt the Perpendi- 
cular and ready to fall over towards m, which when 
it does, it will by-its Shank E, with a ſmart Blow, 
ſtrike the Iron Pin K L, and drawing the Fork ON 
horizontally towards the Beam Q, will draw the End 
10 of the Regulator towards 6, and thereby ſhut it, 
by Tipping the Plate Y under the Holes of the Throat- 

ipe S. n 
27. Immediately after the Regulator is ſhut, the Beam 
riſing a little higher, with its Pin S on the Outſide upon 
che lower Part lifts up the End 4 1 of the Handle of 

the 8 and opens it by the turning of the 

two Parts with Teeth. The Jet immediately mak- 
ing a Vacuum, the Beam again deſcends, and the Pin 2 
Vor. II. depreſſing 


25. Upon the Axis A B is fixed at right Angles to 
Outſide of the Piece QQ, and lies between the Pins. 


its greateſt Height; the Pin in the Slit has ſo far raiſed 
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depreſſing the Handle } 1 ſhuts the Injeftion-Cock ; ani 
the Beam continuing to deſcend, the Pin p bears dowy 
the Handle G z, and throwing back the V, its Shank D 
throws forward the Fork NQ, and again opens the 
Regulator to admit freſh Steam. After this every PFhing 
returns as before; and thus is the Engine moſt wonder. 
fully contrived to work itſelt. | 5 
28. After the Engine had been made, as above ds. 
ſcribed, for many Years, it received another Improve 
ment of very great A te ; and that was, inſteai 
of feeding the Boiler with warm Water from the Top 
of the Cylinder (as related Art. 15.) by the Pipe W 
above, and F/ below; they contrived to ſupply it with 
the ſcalding hot Water which came out of the Educ. 
tion-Pipe d T Y, which now, inſtead of going to the 
"waſte Well at Y, was turned into the Boiler on the 
top Part; and as the Eduction-Pipe before went out it 
the Side of the Cylinder, it was now inſerted in the 
Bottom of the ſame; and though the Preſſure of the 
Steam in the Boiler be ſomewhat greater in the Cylindes, 
yet the Weight of Water in the Eduction-Pipe being 
added to the Force of Steam in the Cylinder, will cart 
the Water down continually, by overcoming the Ne. 
ſiſtance in the Boiler. | | 
2209. To conclude this Theory of the Fire-Engine, 1 
mall here add a moſt curious and uſeful Table of the 
Calculation of the Power of Fire-Engines for the vari- 
ous Diameters of the Cylinder, and Bore of the Pump, 
that are capable of raiſing Water from 48 to 440 Hog. 
heads per Hour, at any Depth, from 15 to 100 Yards, 
It was compoſed by Mr. Henry Beigbton; and is foundel 
'on this Principle, -that the Ale Gallon of 282 cubic 
Inches of Water weighs 10 1. 3 oz. Averdupois, anda 
ſuperficial Square-Inch is — with the Weight ef 
141. 13 cz. of Air when of a mean Gravity. But al. 
lowing for ſeveral Frictions, and to give a conſiderable 
Velocity to the Engine, it is found by Experience, thut 
no mote 'than'84b, of Preſſure muſt be allowed w 
an Inch Square on the Piſton in the Cylinder, that it 
may make about 16 Strokes in a Minute, about 6 Fett 
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Theſe Calculations are but fpr ghmm on f 


65 for with large Boilers the Piſtop will make 20 of 


2c Strokes er Minute, and h of or 8 F. 
Si —_ che Bore a7 


than 320 Hogſheads e 
portionably. N ſe 
ſe it required to — Hogllns 
the Depth af go Yards 4 CT oa 
the neareſt Number 149; and againÞ it, [Ge 


the Depth go on the Right-Hand, in 2 
find 27 * for the Diameter of 25 e 
the Purpoſe, and fo for * * 


lumn, I find a 7 Inch are far the Z | 
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LXXXI.) The Method of conſtructing » Fire-Fq: 1 
— w to the original Inftitution of the Mar-, 


quis of Morceſten and Capt. , wherein the Wat 1 - 
was to be raiſed 2 5 br Pg reſſure of elaſtic Va- 
pour or Steam, is e 
the other Sort; 75 when th e Height, 


Water is to be raiſed, does not exceed 100 or 150 F = 
then this Engine i is applicable with great Advay | 
it requiring but a ſmall Fire (not bigger than w 1 
generally uſed in a Parlour £ ).1s of a very im 3 | 
and eaſy Structure, and _admirabl 2 for 1x off 
of Fountains to very great” Hei TE 
2. Dr. Deſaguliert has given us Ge Strithurd of this, | 
Engine on a Copper Plate, with his lat Im provements,” 
and becauſe I think this better than 5 which Profeſ- pfate 
ſor Muſſchenbroek has exhibited i in his ; Efſai ot Phyſique. XXV. 
72 ly for raiſing Water, Iſhall here give Ko ſaid, Fig. 
gure and Bae i Har ore, Bally TY PB 5 2 
The Boiler is a 2 glo- 
i» Form, which will beſt of all ine the 5 g 
eat Force of Steam, that is in this Caſe neceſlary.. * 
| 2 the Body of this Boiler the Fire and Flame are 
conducted, as ſhewn at TT T. It bas a Copper Co- 
ver, ſcrew'd on, which. 8 5 the Steam-Pipe C D, 
and two Gage-Pipeg, N, O, which, byturtin; Wat x 
Cocks, ſhow. the eig tt of the Surface” of the | 
within, as in the other Engine. 7 4 
4. On the ſame Hoyer 1 P;is a Vale, aver which 
lies a Steel-yard with its Weight Qto keep pit down, the- 
Strength of the Vappur being this WI 4 eraiy f 
eſtimated : For being in the Nature af a Lever,. of the 
third Sort, 'tis plain, if the Beam of the be di- 6 
vided into 19 equal Parts, and the firſt of them be u | 
the Middle of the Valve, and the Weight Abs f 
the 2d, 3d, 4th, &c. Diviſions, that then the Force of 
the Steam which can raiſe up, the Valve will a 2, |: 
4, Sc. Times as great as the Weight. If the Area of 
the Valve be a Square Inch, and Q 15 Ih: hanging 2 4 
the 2d Diviſion is raiſed by a Steam puſhing up the 
Valve, it will ſhew the Steam will then preſs With th& 
Force of 2 Atmoſpheres, and ſo on to 10 ee 
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XXV, 
Fig. 2. 
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ry 155 83 the Boller to Pieces. 
e Boiler to a 
CD, and is Jet 18 
ſane by t 1 Us Handle . of the Stem. Cuck 
BY Th Ade of this Cock is kept down by the 

Is; eld 3 5 the Gibbet DL. "The Handle turm 
AE Te its a Paſſage to the Steam inn 


Ao 25. A eommünieates at Bottom " 
hd Salle 5 Hs goitig 5 5 * Wr br 
3. and above WI E FO — 

Bf 858 0 A little above the Water of the Reſervhs 
"RE been eſe two 6 FG ate two Valves F and G, 
he Steam being let in Ape 

the Water of the Receiver A, forces it up 1 1 
Valve F, wht the Pipe E E to the Reſervoir, then 

We lan Receiver is full of hot Steam. 

This N in the. ee is condenſed by a 171 
of cold MI coming from the os 5k bat 


9 10 Pipe L, being et in, And ſhut o 

M. Tue £ J 172 2 Jet, will 
Nabe 05 0 | Space, and fo make a N 
755 upon which the Water in the Well will ruth- up 
Forcivg, Pipe to reſtore the Equilibrium, and thus 
the Receiver A; the little Air being com- 

(pref' within a ſmall Compaſs at the Fop above ab. 
1 there may always be Water in the Forte- 

Pipe f or the Jet, there is a little Pipe which e 

Water to it from tlie Relervbir, With the ſmall Btop- 
K V to ſhut it off upon Occaſion. The Valves at 
and G are examined at any time, by unſcrewing the 


Pin 1 to looſen the Strap 2, and let down the Flanch 


. all which Parts are ſhewn larger in the Figures be- 


its Key, tlie Water is made to paſs from the 
ce-Pipe to the Boller, to ſupply the Waſte in Steam, 


of By the peculiar Contrivance of the Cock at DI, 
his is plainly ſhewn in the Sections of the Cock and 


Key, where 5 is the Top of the Key; 6 is a Hole on 


one Side, which goes down to the ttom, to convey 
che Steam or Jet of Water alternately to the Receiver ; 
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is a Notch on the other Side to take in the Wat 


rom the Force-Pipe, and onduct it to the Boiler 


How this is done, «of to conceive from a View of 
hs C 


the two Sections o 
within it, ©} 20h 
10. The Boiler m 


Fl 


ock and Key in two Poſitions 
hold about 5 or 6 Hogſheads, 
and the Receiver 1 Hoglhead : It will work 4 or 5 


Hours, without dungen about 4 Strokes per Mi- 


nute will produce upwar 


s of 200 Hogſheads per Hour. 


This Steam makes a Vacuum ſo effectually, as to raiſe 
Water from the Well to the Height of 29 or 30 Feet; 


and ſuppoſe the Steam able to lift u 


e Steel- yard, 
with its Weight hanging at the th Diviſion, it will 
then be able to raiſe a Column of Water about 50 Yards 
high, as being then 6 Times ſtronger than the Preſſure 
of the Air, as is eaſy to underſtand from what has been 
ſaid on this Subject of the Common Water-Engine 


See Aunotat. LXXX. 5.) the Water being rai! 
milar Manner in both Machines; there by the] 


ure 
of condenſed elaſtic Air; and here by the Preſſure of 


rarified elaſtic Steam. | 
II. The Elaſticity of the Steam ine 


ks. S 


Heat, and the Space into which it endeavours to ex- 
pand itſelf being as its Flaſticity or Strength, and fince 
we know (by what precedes) that Water expanded intq 
Vapour, of the ſame Strength of the Air, occupies near 
3000 times the Space as before, it follows, that w 


the Steam has twice that Strength, it will be ex 
into 6000 ; if it be 5 times as ſtrong as the Air's 
it will become expanded into 15000 times that 
and ſo on, beyond the reach of Experiments. 


all which it appears how near a perfect Vacuum we may 
approach by this Engine, or any other, by means of 


rarified Vapour. 


(LXX XII.) In the Philoſephical Tranſactions, No 461. 
there is an Account of an Improvement made in the 
Fire-Engine by Mr. Payne,” as follows. He has con- 
trived two Iron Pots or Veſſels of a conical Form in- 
verted, as repreſented by A BE F, on the upper Part of 

I 


which is fixed a round 


obular Copper Head (of about 


51 Feet Diameter) as LMN. There is then placed 
on the Inſide a ſmall Machine H, call'd the Diſperſer, 


G 4 
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the intenſe Heat of a ſtrong Fire, the Flame whereof 
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| with Spouts , hc, d, e, &. round the Sides fix d 


to it, and the Bottom thereof reſts on a Center-Pin O. 
Fn this Machine iis fix'd an upright Fube G, with 
Holes at the Bottom, and a Funnel P on the Top to 
receive a Spout of Water from a Conduct-Pipe Q, by 
the Stop⸗ Cock aRn f! 1 I 


. This Veſſel being complehiod, two or mon 


them are placed in à reverberatory Arch for conveying 


encompaſſes the Iron Veſſels, and keep them in a ted 
Heat, during the Time of their Uſe; at which Time 


the Cog-Wheel I, being turn'd by proper Machinery; 


whirls the Diſperſer about with great Velocity, and 
cauſes the Water in it (by a centrifugal Force) to fly 
thro' the Spouts againſt the Sides of the red-hot Pots, 
which immediately converts the greateſt Part thereof 
into Vapour or elaſtic Steam, which is conveyed by a 
common Pipe or Cock to the Barrel of the Engine to 
put the Piſton in Motion; and the waſte Water is con- 
4 N away at Bottom, by means of a Pipe CD, with 
a Valve at D to keep out the Air. ann 
3. By many Experiments made on this Engine, Mr, 
Payne has proved the following Particulars, viz. That 
fuch an ignified Pot or Veſſel will rarify or expand 50 
Gallons of Water, Wine Meaſure, per Hour. 
4. That a Cubic Inch of Water will make in Pracs 
tice 4000 Inches of Steam; and therefore 50 Gallons 
will produce 46000000 per Hour, or 770000 per Mi- 


bie Inches of elaſtic Steam per Minute. 175 
5. That by an Experiment made at a Fire-Engine, 
40 Gallons of Water per Hour, made into elaſtic Steam, 
will effectually give Motion to a 24 Inch Cylinder En- 
gine. 


nute; hence two ſuch Pots will produce 1540000 cu 


6. That 112.1, of Coals is ſufficient, in this Me- 


thod, to rarify 90 Gallons of Water per Hour into 
Steam, whereas in the common Fire-Engine, with 
Boilers, 'tis uſual to expend three times as great a 
Quantity. 1 ä | 
7. That 95 Gallons of Water expanded into Steam 
will work a 36 Inch Cylinder Engine; from all —_ 
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ke concludes, that his new Invention will-ſave at leaſt 


bo per Cent, in Pit-Coals to wark' a Fire-Enpine. - * 
| . The Method by which he found how much Steam 

could be produced from 4 given Quantity of Water was 
this. He procured a Copper Globe A 12 Inches in 
Diameter, with two Braſs Cocks BB Ewe. to each 
dther; by one of theſe the Globe tvas faſtenꝰd to a Pipe 
E, which was fix'd to tie upper Part of one of the Steam 
Veſſels (as at N) and was fül'd with Steam by the Cock 
F; upon the other Cock was fixed a ſmall Valve D, 
fitted to a Bore of one Inch Diameter ; and C'is'a Handle 
or Bale to ſuſpend it by. Jane BY * | 
9. The whole thus fitted weighed 15 1}. 3'oz. Troy, 
or 12 1þ. 95 e. Auerdupais; the Capacity or Content 
was about 925 cubic Inches. The Globe being fix d 
to the Steam Veſſel, all the Cocks were turn'd, till the 
Steam by paſſing thro! had ſufficiently heated the Globe; 
then being ſtopp'd, the Steam condenſed, and the Air 
let in, when weigh'd in a very nice Balance, the Weight 
was 15 L. 30z. 2 dwt. ſo that the whole Quantity of 
Steam was but 2 Penny Weights, or 16 of an,Ounce 
Troy, Whence 1 Ounce of Water makes 9250 cubic 

Inches of Steam. | e eee 
10. The Globe filled with Water weighed 45 Bb. 5 h. 
After this, it being fill'd with Steam, and one of the 
Cocks put under Water, the Water ruſh'd into the 
Globe, and the Cock being again turned, and the Globe 
of Water now weighed, the Weight was 44. 1b. 9 0. 
which deducted from the former Weight, gave 14 4 

which ſhew'd that all' the Air was nearly excluded, 
that a Vacuum was approached to in the Ratio of 71 5 to 
727; or the Part poſſeſſed by Air was but the 4 Part 
of the Whole. | \ Bots RI Is 

11, The Air being again thus excluded out of the 
Globe by Steam, and Fork Cocks turn'd, 'the Globe was 
thus weigh'd, and the Weight was 12 1b. 10% oz. then 
one Cock was open'd and the Air let in, upon which 
the Scale deſcended, and an Ounce Averdupois, being 
added to the other Scale, reſtored the Equilibrium, 
which was therefore the Weight of the Air, or 925 cu- 

bic Inches of Air weigh'd about 220 Grains. 
12. But it was found above, that the Globe full of 
Steam weigh'd only 2 Penny Weight Troy, or 40 Grains; 
| | whence 


if. ” 
A 9 * 


Pl. XXI. 
Fig. 7. 


en ue £6, 


fattim of a ſmall 
be made very ſen 
whoſe Nature and Ule in Fug Production 
of a continual, and welt power ful Blaft of 
Steam, or - vaporans | Wind, is a Phanamenan 
Span curious and furprifing, as will * 


e ee CXXXII.) 


"ra V. Tur 


Wade de Wee e Steam is to that 
of Ait m 40 to 220, or as 1 to 5 nearly; and ſince 


. that of Air is to Water as 1 to 868 therefore the 15 
1 


cific Grivity of Steam is to that of the Water, ay 
I” X 5 = 4.300. 
3. Again, fince rs of an Qunce of Water expelled 
near 1555 cubic Inches of Air; then one cubic I 
er (which weighs 18% of an Ounce Troy) 
te about 4630; cubic Inches, but Mr. Payne takes 
4000 for a tandard i in Calculation. 

(LXXXIII.) 1. The ZoliPrLE is an Inftrurne 
contriv'd fot Uſe, as well as | Jucundity. It has i 
Name from the Fable of Aorvs, the God of Wi 
and Tempeſts, who was deſcrib'd as having his Pa- 
io in the Caves, and lockin the Winds in the 
| ollows of the Mountains. The word literally in 
preted is, the Gates of olus ( Alo A WN Le 
of the Similitude of its Effect. For it confiſts of a 
Copper globular Body, in which is inſerted a ſmull 
Neck 42 with a very ſmall Orifice, from whence 
(when the Veſſel has Water in it, and heated) a 1 

ur iſſues with prodigious Violence, Impetuoſity, and 
Force, and blows in the Manner of a terrible tempeſtu· 
ous Wind. 

2. The Body of this Inſtrument conſiſts of two Parts, 
A and B ſolder'd together with hard Solder, to endure 
a great Heat of Fire. On the upper Part is alſo fol- 


der'd the Pipe CD, whoſe Orifice or Hole at D's 


about the 40th or 5oth Part of an Inch in Diameter, 
The Way to fill it with Water is, to ſet it firſt, while 
empty, on the Fire, which will heat it, and drive out 


5 
HY DNNU el 
v. Tut len Gufb of tnt "Nidhon" of 
Fluids whick 1 fenton'd was tliat of At- 
traction. We have already ſten how by 
this Means any Flufd will aſcend above 
— cb mon Sure M Capillary" Tue, 
&e, But the moſt ndtable and obvious 
Motion of Fluids uriſing from Attrüctibn, 
that of the Iides; *the Waters of the 
immenſe Ocean, forgetful, as it were, of 
their natural Qierul, move, and roll in 
felling Tides obſequiotis to the Yovertign 
Power of the Mavgy 1 weaker dene 
of the un. Piepben 
To iMuftrate this,” tot ESN re Plate 
ſent the Earth, coer'd over with Water Pes. © 
ABDF; NS the- Aris of the: Ert; EG 
the Equator, TR the Tropie of Cancer; 
r the Tropic of Capricorn, M the en 
in 


T8 RS r 


all the Air ; then with a Pair of Tongs your a tate it'off 
the Fire, and hold the End of the Pipe D under Water, 
and the ther will run in to poſſeſs the Space deſert deſerted 
by the d. the Preſſure of the Atmoſphere. 

3 For an Experiment, it need not be more Shi i hat 
full of Water, which will be a conſiderable /Time'in 
being changed into Vapour. ' The ſtronger the Fire, 
the better will be the Steam, and the more Sibi will 
it fly out, and it will continue this ſurpriſing Blaſt, till 
it is wholly evacuated ; then the Noiſe ceaſes, and a ſtill 
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> fine Aura follows the Steam. Great Care muſt be | 
E taken not to have the Hole at D ftopp'd in putting it in 

1 the Fire, for if that ſhould happen, the Zolipile will 

; burſt with a great Exploſion (equal to that of a Cannon) 

4 and may do very great Miſchief, as I have twice 1 0 

, rienced, and once it was like to have been fatal ; 


— 


ef all-at the Part A; and conſequentiy muſt 
: 5 8 there ſtand higher than at the Point E, 


HYDNLTUL ies: 


in Het Orbit, 8 the Sün in his. Now ſince 
all Bodies are endued with an attrating 
Virtue, che Moon will attract all the Wa- 
Degrees of Force Which are inverſely ay 
the Squares of the Diſtances from all Parts; 
where the Diſtande is leaſt, vz. in the 
Point & directly under: her; and this Ate 
traction being in this Hemiſphere. contrary, 
to chat of the Earth, the Water in all Parts 
from: B and F towards, A will have their 
Gravity gradually decreaſing, and be lighteſk 


| where: they are more attracted by the Earth 
2nd {© heavier, as is evident from the Laws 


of Hiydreftetice. | + 2 
A e iE AGAIN? 


then, when it burſt, the Power was ſo great, as tq 

rend aſunder the Body. of the Inſtrument, not in the 
Jointuxe, but in the ſolid Metal, which was at leaſt 8 

undredths of an Inch thick. It happily ſtood ſo . 
fly againſt the inner Part of the Mantle-Piece, whi 
heat it both Sides together by the Violence of the Blow: 
which, had it flown into the Room, muſt have been 

tal to any one or more who ſhould have been in its 

ay. 1 | 

8 23 an Idea of the great Force neceſſary to 
burſt the ZEolipile in the Manner above mentioned, let 
us ptoceed to Calculation. It has been found by Expe- 
riment, that a Copper Wire z of a Rhine-Land Inch in 
Diameter was broke aſunder by the Weight of 2994 (6, 
hung on to it. Now the Rhine-Land Foot is to the 
Landon Foot, as 139 to 135 ; the Diameter therein 
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whence the Area of its tranſverſe Section will 


HYD#40 6108 | | 


© AGAIN In the gſher Heppiſphere DB, 


the Attraction of, the Moon conſpires with 
that of the Earth; but decreaſing as the 
Squares of the Diſtances increaſe; me Joint 
Force of Attraction will every where de- 
creaſe from F and B wwards D, the-Point 
oppoſite to the Mon ; where, again) the 
Waters will be lighteſt, and therefore ſtand 
higheſt to preſerve the Equilibrium. Whence 


it appears, that by this Sum and Difference 


of the Moon's and Earth's Attraction, there 
will neceſſarily enſue a Protuberance r 
Swelling of the Waters, Which we call 
D directly under the Moon. Alſo in the 
two Points F and B, as the Waters are 
there moſt attracted, ſo they, will be 
heavieſt, and conſequently riſe to the leaſt 
Height from the Earth's Surface, whence 


| | they 
of the Wire in Eaglyh Meaſure was v of af! Inch, 


be 
#3473335» or very wy Ar of an Inch Square. 

5. The Diameter of the olipile is 4 Inches, ity 
Circumference therefore is 12,566 ; its "Thickneſs 
about 18, or 0,08 of an Inch, 'whence 12, 5666 X 0,08 
= 1,00528 = the Area of the rended Citcumference of 
the Zolipile. Then ſay, by the Rule of Three, If 
z377 or x37 require 2994 of 300 1b. to break it, What 
will 1 Square Inch require? The Anſwer is, 38250 /b. 
for x33 : 300 lb. :: 1: '382501b, So the Force of the 
Steam which burſt the Zolipile was Thirty-eight Thou- 
ſand and two Hundred and fifty Pounds, or one 'Thou- 
ſand nine Hundred and Twelve Tons and an half. 

6. This may ſerve as a notable Inſtance of the incre- 

| dible 
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of the Water: - n . pared "ly 
x to the Power of the Moon we add that 
of the un, we {hall haye the [Tides comfi- 
derably augmented at the Ceniunction in g;, 
or Oppoſition in H, that is, ar the New. ond 
Fall Moons, which are call'd the Spring Tides; 
as thaſe which happen when the Sun is at 
O or P are call'd.Neap Tides, the Waters at 
A and D being then loweſt, - becauſe the M 
traction of the Moon is then couuteracted 
by that of the un. Ln His 

Ir is farther to be obſerved, That af -#& 
teuo Tides of Flood at A and D, that at A is 
greateſt. to any Place T in Northern Late 
Fude, when the Moon is in Northern Signs 
and above the Horizon; for the Point A 
then nearer the Zenith of the Place G, 
than the oppoſite Point D is to the fame 
| Place 


dible Force of elaſtic Steam, it being three Times. as 
great as the Force of Gun-powder in the largeſt Can- 
non, as calculated in Aunotat. XXV. Hence it appears 
of what prodigious Uſe this expanded Vapour would be, 
could we rarify Water into Vapour as ſoon, and with 
the fame Eaſe, as we can ſet Fire to Powder. Thi 
Property of Air has already ſupplied us with Air-Gunt; 
and with much greater Effect might we have Steu- 


-Guns, and other Inſtruments, if that could be dane. 
7. To try this, one need only take a Vial with one 
Drop of Water ini it, and ſet it over the Fire, till .the 
Drop begins to riſe in Vapour, and drive out the Au, 
then putting the Cork faſt into the Mouth of the Vial, 
ſet it an the Fire, and incline it to the farther Side 
the Room; after ſome little Time the Steam will dif- 


charge 


Hy DNAUn⁰c G 


Place at R twelve Honrs 'afierwards.; nd 


conſequently, the Height of the Ide 8 G is 
greater than that of the oppoſite Tide N g. 
The contrary happens when the Moon is is 
Southern Signs. . i i nk; cet 

THAT there are me Tides g Flaa, and I un 
of Ebb, ſucceeding each other alter nateꝶ ar 
the Interval f Hours, is obvious from 
the Figure. That chey happen /ofer cach 
Day near an Hour, is wing to their exact 


Correſpondence to the: Mation gf dhe Moon, 


which daily culminates ſo much later. That 
they happen not when the Moon is in the 
Meridian, but about three Hours after, is 
owing to the Force of the Moon being then 
greater than when in the Meridian of any 
Place; as the Heat of the Day is greater 


at Three o'Clock than at Twelve; and the 


Heat of the Summer is greater in Augif, 
5 than 


charge the Cork with a conſiderable Exploſion, and 
_ it as far as a Grain of Gun- Powder would have 
One. wy i 2480 G 

8. Or thus; let a ſe Drops of Water be put into a 
Piſtol or Gun- Barrel, cloſed on the Breach-End, and a 
leaden Bullet thruſt hard into the Barrel; let the End 
of the Barrel then be put over the Fire to heat and ex- 
pand the Water into Steam, which when it begins to 
come out of the Touch-hole, will ſhew the Air to be 


all excluded; then let the Hole be. ftopp'd with à ſmall - 
Plug, and in ſome Time the Vapour will diſeharge che 


Bullet, with as much Force as a common Charge of 
Powder, and with the ſame Report and Execution. 


9. And though it may be difficult to contrive any 


| Method of making Vapour of a ſufficient elaſtic Force 
| in 
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than at che 10 of June. Laſtly, that the 
greateſ Spring Tides happen not at the 100 of 
March, and 12" September, But in Febru- 
ary and October, is becauſe the Sun being 
neareſt the Earth in December, his Influence 
is then ſtrongeſt, and ſo muſt quicken the 
Time of the greateſt Vernal Tides ;- and bes 
ing weakeſt in June, the Time of the Au 
tumnal Tides will neceſſarily be retarded. © 

Suck are the Phenomena of the Tides, 
according to a general Theory, and are 
found to be verified in thoſe Parts of the 
Earth's Surface which are wholly cover i 
with Water, as the Theory requires; 1 
mean the vaſt Atlantic and Weſtern Oceans 


in large Quantities, ſo as by Conduct-Pipes to charge 
large Guns therewith, at a Diſtance from the Steam- 
Veſſel ; yet ſomething of this Kind may be effected, by 
expanding a ſmall Quantity of Water at the Bottom of 
the Cannon into Vapour, by firſt putting a red-hot Iron 
Bullet down the Bore to the Water, which it ſoon diſk 
pates into Vapour, and when confin'd at the Touch- 
hole, and another with which the Cannon is charged, 
it will ſoon become ſtrong enough to drive it with Force 
enough for any propoſed Effect. So that the Steam Gun, 
or even a Steam-Cannon, is perhaps a matter not merely 
in poſſe, but may be hoped for in Reality, if all proper 
Expedients be tried, and Experiments made for that Put- 
ſe, S 
(IXXXIv.) 1. The Theory of the Tides is a Point 
of great Curioſity and Importance, and has therefore 
excited ſeveral learned C entlemen to endeavour an Ex- 
planation thereof, in ſuch Ways, as they think the va- 
rous Phænomena will be beſt and moſt eaſily under- 
3 | ood 
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4. But as this reſults from the diurpal Rotation of 


the Earth only, which is always uniform, and eren 


where conſtantly the ſame, it can cauſe no Alteration, | 


in the Depth of the Water, in any particular Place, 
and therefore can have no Share in the Cauſe" of the 
Flux and Reflux of the Sea, at leaſt ſo little as mot 
deſerve Notice, and cannot be diſcern'd by the "Senſes, 


However, what that is will be ſhewn in the Sequel of 


this Note. n us l 0 Ni 
5. The alternate Riſing and Falling of the Waten 


is therefore owing to-ſouie other Cauſe or Cauſed thak 


what can be found in or upon the Earth; that is, it 
muſt be owing to ſome of the heavenly Bodies, Which 
we ſee at a Diſtance from us. This the Ancients mad 
no Doubt of; and aſcribed it to the Influence” of th 
Moon, with good Reaſon, as they ſaw' ſo plain à Con- 
gruity between the Motion of the Waters, and that 

th Moon hey could not alſo but obſerve, that 

each New and Full Moòôn the Tides were greater 
at other Times, and were therefore aſſured, 
was likewjſe concern'd in the Cauſe of the Tides, © Yes, 
Pliny aſſures us, chat they were ſo nice as to'bbſe 
the annual Phenomena of the Pide; and knew that the 
Tides were greater in Winter than in Summer. Bt 
they had no Theory to account for the diurnal, meg. 
ftrual, and annual Differences of the Tide. This was 
reſery'd for the Invention of the celebrated Anthot of 
our Philoſophy, whoſe Footſteps, therefore, we thill 
here inſiſt on As near as poſſibly we can, in explicating 
all the particular Phænomenn of the Tide. 

6. Since (as we have ſhewn) all Bodies mutually at- 
tract each other, the Moon at O vill attract the Earth 
at T, and its Waters, as well as be attracted by it, 
But fince the Law of Attraction is to decreaſe, 2 
the Squares of the Diſtances increaſe, the Water 2 
A, P, C, B, or at A, D, p, B, will be differenth 
affected by the attractive Power of the Moon at O; 


o . 


the Attraction at A will be greateſt as being neareſt, 
that at B leaſt, and at C or 5. it will be at a Mean, 
and the fame nearly as at T the Centre of the Earth, 
becauſe of the very great Diſtance T O in reſpect of 


. | 
7. Let 
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7. Let us conſider the Caſe of one Aden Puente 
at P, and compare it with that of A in the neareſt Hes 
miſphere CAD; and of another at with 
that of B in the fartheſt Hemiſphere C BD. Draw the 
Lines OP and Op; in OP continued out let OK rex 
preſent the mean Attraction, or that of the Particle Os 
and let it gun e 2 — O K*: e 


one 
then will orb ok 28 * or” orOK.; "OKs 
201% wherefore O K and O. will repre 


P* 
the attractive Forces of, the M on the Pa pare 
at C and P, as being 1 As. $0 Shores 0 


Diſtances. 


8. In like Manet if we take O!: 04 OF: he | 


then will O! be the Force with wich the "Particle þ | 7 2 
affected by the Moon. Continue out O T, and dr 


LM parallel to P T, and Im to b. T. Themis tbe 


Force O L reſolvable into the two Forces L M, and 
Mo, and the Force O! into Im, and m O. Now 
fince L M and Im directly conſpire with PT, and 
pT, they will expreſs Forces to be ſuperadded to 
Attraction of the Earth upon the Particles P and p; 
and therefore unleſs theſe additional Forces were every 
where the ſame, the Waters about the Earth's Surface 
cannot have an equal Power of Gravity towards the 
Earth's Centre; and ſo cannot exiſt in a ſpherical Form. 

8 In order to ſee this, we have ey ſimilar: Triangles 
LOM andPOT) LM: PT LO: PO; whe 


PT Xx LO 
LM | ; but ſince L O is as For Art. 1.) 


PO 
we have LM 2 5 or ſi fin nce PT is even Thü p 


and for the ſame Reaſon in f/ chat is, LM: 


Im: p O: PO 7; but ſince P O is leſs than pO, LM 
will be much greater than I n, conſequently the Water 
at P and 9 will be affected with very different Forces, 
and therefore will not tend equally to the Earth's 
Centre T, or be at an equal Diſtance from it. And 
this Difference of Forces will be greateſt of all at the 
H 2 Points 


| 
| 
| 
| 
1 
| 


| 
| 
| 


| 
| 
| 
| 
| . 
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Hypnatiics: 
deine N amd B, fr! chere theſe perturbating Foce 


will be as A O and. BO? inverſely, which Cubes hat 


22 aH the s. l 
10. Now this is only one Part of che Attraction of 
the Moon which-diſturbs the Waters; the other Punt 
MO makes this Perturbation ſtill greater:; for if T0 
be the/Force with which the Earth's Centre is:attrafi 
— Moon O, tis plain the Waters can never accede 
directly cowards the Noon With che fame V oeity that 
the Earth does, unleſs when M O and O are 
to TO, chat is, at the Points C and D. From! 
ſubduct T O, the Remainder TM will be the Ex- 
ceſs of Force, by which the Waters in every Point ih, 
of the Hemiſphere CAD will be accelerated 
the Moon more than the Earth itſelf; and T m 
expreſs the Force by which the Earth tends ohh 
the Moon more than the Water at any Point 7 inthe 
remote Hemiſphere C BD. 
11. The Proportion of the Part of the Foroe'Mi, 
in reſpect to O P, b MO :-O'T = LM 
: PT; wherefore MO OLE, X =>, but age bi 


Of at'Þ 1 Poglles we have M O as LM, i 1. 


MO 1 as Foe Therefore) at A, MO will ee 


As and at B, mO will — that is, iow 


to the Points A and B, we haye MO: 20 

B*: AO; and ſince theſe Cubes are the 
of all others, the Waters will be accelerated in A jtv- 
wards the Moon with the greateſt Difference of At- 
traction, and at B with the leaſt; conſequently «he 
Water will there on this Account alſo recede moſt from 
A d ſpherical Figure. 

— Therefore, ſince boch Parts of the Moon z Forde 
7 Nr gde the wy 2 — —— 2 

umi nverſely, will both co to 
the Watte at A 2 . from the ay ofthe 
Earth. T, and put on a ſpheroidical Figure, whoſe long 

Axis B A goes towards the Moon's Centre O. 


| Force MO MTT TO, but ſince the Part I Oi 


alway 
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al the ſame,, the perturbati Part will be only 
T M,. which will be as'MQ+—T O, and 6 when 
MOTO, then FM which: 


and both with CT; hende ſince in that Caſe the 
Line OK becomes QC OT; the perturbating Forees 
vill in Part vaniſh (viz: Mr on and the Part 


LM will make the Waters at C heavier than in any 


other Place; and ſinee every 10 happens inverſely, 
with regard to the Particle n, it 
about the Points C and Nwill be at a leſa Diſtance from 
the. Earth's Centre than any whete elſe, whence CT D 
will be the ſhorteſt Diameter of the aqueous Spheroid 
AC BD. aid noaw vd % 2 
13. The Sun at 8 is ſhewi to produce the fame Sort 
of Effects upon the Water, about the Earth; only in 
a lefler Degree. For tho' the Mmntntum, or abſolute 
Force of the Sun upon the Waters is much greater than 
that of the Moon, yet the Parts of the Force which diſ- 
turb the Figure of the aqueous Globe, viz. L M and 
In, and T M, and T m, will in this Caſe be leſs than 
before, on account of the much greater Diſtance T S 
than T O. As the perturbating Forces of the Moon in 
the Points A and B are as B O®. to A O?, thole of the 
Sun will be as 8 B. to 8 A. But the Difference of 


theſe latter Cubes is much leſs than that of the-fofmer, 


becauſe of their vaſtly larger Roots 8 B and 8 A. For 
Example, Suppoſe OA 10, OB TI; and S A=100, 
and SB=101 ; then OA? : OB? :: 1000: 1331 # 100 
133 nearly, But 8 Ar: 9B*::'x600000% 703001 : 
100: 103 nearly. 5 e ee AA 5 

14. Hence we ſee, that both the Luminaries produce 
a Tide in two oppoſite Parts of the Earth's Surface A 
and B, in a Space of a Day proper to each, i. e. in the 
Space of a Lunar amd Solar Day, or the Time in which 
the Moon, or the Sun, after leaying the Meridian, 


comes to it again. The Lunar Day (becauſe of the 


Moon's quick Motion conſpiring with that of the 


Earth) is about 50 Minutes longer than the Solar Day 


of 24 Hours. And thoſe Tides will always be moving 
the ſame Way, __ together, ſametimes ſepa« 


. rately, 


hen E 
is at C or D; and then alſa LM cointides with PT, 


ollows, the Waters 
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rately, that of the Moon always following after that d 
the Bums 41% 7 5: | | ALA Gt 
15. In order to compute the. Forces of the Sun and 
Moon to raiſe the Waters, we will ſuppoſe (at preſent) 
that P is the Moon, and T the Earth, then LM will 
be the Addition of the Moon's Gravity to the /Earth 
ariſing from the Action of the Sun 8S. When P is 'xt 
C, then LM will be at CT, which let us call A, 
The Gravity of the Earth towards the Sun will be ex. 


pounded by T'S, which call F, that is, let CT: TSU. 


A: F. Let P be the periodical Time of the Earth about 

the Sun, and p that of the Moon about the Earth; alſo 

let F be the Force of Gravity in the Moon towards the 
| SS FL 


Earth; then will F: f :: Fr © Gu (by An. XXXIV, 
6.) therefore F: f :: 5: 5 z conſequently, = 
. that I whence A: Fu p* : Pio 


. the additional Gravity ta the Moon at C, is to the Gravity 


of the Moon towards the Earth, as the Square of thi 
Moon's Period to the Square of the Earth's Period. Nom 
p 27 Days 7 Hours 43; and P = 365 Days 6 Hours 
9 whence p* : P* ;; 1000: 178725 :: 1: 178 :; 


16. Now the Semidiameter of the Earth being put 
= 1, and G = Power of Gravity on its Surface; ſince 
the Mean Diſtance of the Moon from the Earth is 60 
Semidiameters of the Earth, we ſhall have F: G:: 1*; 
60 :: 1 3600 ; therefore 3600 f= ids and f=® = 
which being put for f, in the Proportion above, we have 


bf 10 
Ag, I : 178,725; whence 178, 725 KA 85 


Therefore A: G:: 1: 178,725 X 3600 = 643400. 


17. What we have hitherto ſaid is upon Suppoſition 
that the Moon revolves about the Centre of the Earth 
at Reſt ; but this is not the Caſe ; for both the Earth 
and Moon revolve about one common Centre of Gravity 
(as we have ſhewn An. XXXVI.) and allowing the Mafs 
of Matter in the Moon to that in the Earth as 1 to 

| 39,788, 
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,788, we find the true Mean-Diſtance of the Moon 
— the Earth revolving about the commoh Centre of 
Gravity, to be 60,5; Semidiameters of the Earth; but 
the Force by which it is retain'd in its Orbit at 60 Se- 
midiameters, is to the Force retaining it at 60 (re- 
volving in the ſame” Time as befote) as 60 to 607 (as 


1 


was ſhewn Annotat. XXXIV. 8.) wherefore 60: 60F :: 


60, , . 66 f 
F* wil f 1 n. But have F= 7 and 


before we had f = A. therefore 2 = AF and ſo 


bo 69,5 60 | 
213 wherefore A : G 22•4 + 643400 X 


60, 58 
box O&O : 
_ 638059,78 , that is A == 

18. After the ſame Manner it is ſhewn, if an — 
P revolve about the Earth at its Surface, it would at 


have an additional Gravity a, which would be = 


| LT, oo... os... 
therefore A: a:: 601: x 5: i whence x =60t 8 
; * \ A MP 43: v 1 bY 


=bozX638059,78 = 38602616,7.. Now becauſe the 
Waters will be affected juſt in the ſame Manner as ſuch 
a Body revolving at the Earth's Surface, by the Influence 
of the Sun (becauſe both will yield to an impreſs'd 
Force) therefore the Power ef the Sum to increaſe the 


Gravity f the Waters at C and D, is to the Power f 


Gravity as 1 to 38602616, 7 Mails . 
19. In order to eſtimate this Force at A and B, we 

Kae the Value of LM there, by which the Particle 

at A is impell'd towards T; and of T M, by which it 


is impell'd in a contrary Direction towards S. * 
M-—L = : 


will the Differenceof theſe two Forces, viz. T 

be the Force required. In order to this, it muſt be con- 
ſidered, that on account of the prodigious Diſtance of 
O in Compariſon of P, the Angle P O T will be ex- 
ceeding ſmall, and the Lines OL, O M, may be looked 


upon as parallel, and therefore LM =PT, and PL 


= TM, very nearly. 3 1 
20. Then when Þ coincides with A, and K with T, 
we have LM=AT=PK, and T M=PL=AT + 
| H 4 KL; 


103 


2 — r T_—_ 


b 


. M —⁰ 1 


1 jen is peut Squat 05K, 2 


p- 8p. that is, KL 18K 21 Fes FR 8 


Part of the Gravity or Force of the Earth's A 
'This is the Force in any given Place to which the pr =] 


— from the E arth mn. 


Hema gunurcs: ! 

LL Mz=K L; whith therefore l 

e ee b hich the Waters at A are draw. 
rth's PAN re T: In che ſame Manner ir 


B m et 4 ths whale perturbating 


(becauſe che Difference of the. g quares of any two Num. 
bers is equal ta their 2 by their Piffe⸗ 
rence ; thus @ TIA 55.) Thereſor 
ſince SK=8P, we have KL: SP:: PKX2SP : $P?:; 


— SP; wherefore KL EK, andPL=TMat 
35 rad & bu 


22. Hence when P colnicides with A, we have PR 
=AT=PT=LM, and therefore FTM=PK = 0 
whence P'M—L M=KL42bM =2AT = 
But C T expreſſes the additional Gravity at Q; there- 
fore KL=2TC, is che Force by which the Waters art 
drawn from T. towards: Sy and ſince ow 


n 
788626785 N 78882575 7 79357 2 850 
at is, the Diminutjon of The Gravity -1 Ai is 4 


the Increaſe of it at C, and is the mr band 
| N 
the whole Gravity. | 


+ "Hence the Sum fee he Forces K L +L 1 
28 * 


550 880 + 355536767 33502 V7 825 
7755 ; or the whale Force of the Sun to ag 


fate 1 the 772 of the Henle! will be the 


12 . 


is vertical, and in his Mean Diftance from the Earth, 
In other Poſitions of the Sun, the Force will v 

the Proportion of the verſed Sign of double the Sun's 
Altitude above the Horizon directh, and the Cube of 1 itt 


24. fe 


Ders. O # 


a + Ow a rer 


p—_— „* a«. 


HY Dres 
24. It has been ſheidn-tltt the berkerſfugaÞPores' of 


Pr ft hd let 


Gravity, ( Annotat, XXXIV. 20.) whertfo 


trifuga Force i is to the Sun's Force to agitate . 


2s 12867 538,9 to 2 48 4. 4424 to l. Alſo 
fince the Heer of 6h of 5 4 Ned, is to that of the Poles 
as 230 to 229 (as was Ta 9 if we 1 Mi, 9 — 


230 :: 4000 4017, Difference 1 
— bk Feet, a e 3 eg” 


_— by. the ec Tens, ; — rid | 


: 924000 :1 .: 2, % r a Feet 0 an Inch = 
—_ 14 which cherefobe is the Height which the 
Sun can elevate the er to at A and B ore, that 


at ” Points C and 5 
In this Cons — Profe . has 
thought fit to find F _ t with Sir IsAAc NRW- 


rox, and his Principe, call this Altitude of 25 
Inches an enormous 1 becauſe his on 
Calculation produces but & a 5 or a little more, 
for the Height to which the Sun can elevate the Sea. 
But ſince Meſſrs. Bernoulli and Mar Laurm have each 
of them ſeparately inſtituted the Calculus, and refolv'd 
the Problem, with ſuch an exact Agreement with each 
other, and with Sir Iſaac, there is ne Rem to doubt 
of the Truth of it ; and it appears to W on as cer- 
tain Principles, and more evident tha 
Na Euler has advaneed in Contradiction to Sir J/aac 

ewton, 

26. The Power of the Sun to move the Waters has 
been computed by means of the periodical Times of the 
Earth and Moon; and after the ſame Manner might be 


computed the Force of the Moon to diſturb the Waters, - 


were. there any Satellite revolving about the Moon to 
compare its periodical Time with the Moon's perio- 
dical Time; but as there is none, we muſt have re- 
courſe to other Methods, the eaſieſt of which is, to 
_ the Proportion of the Force af the Sun and 
Moon from the Proportion of their Effects on the Wa 
ters of the Sea ; that is, by obſerying the Heights to 
which they riſe when they act together, and when they 
att contrarily ; thus Stirmius obſerved at the Mouth 05 
3 0 


— 


thoſe which 


205 


ww. ele 
Bri 
8 Erin, i 5 5 e Fry N 1 


t. Alſo at Phmouth 
fr 5 Crepe obſerved 385 Elevations to be as 2 p 203 to 


„ or 11 to 23. Ai Havre de Grace the Altitude: 
—5 N. r: 11. The Mean of all 
4 1 5 N 6. Let S = the Sun's Force, 
| | : Moon's Force ; wil L+S: Ls 
| | 5 * e whence T. :: 4: I, or the Force 
| of he Moon 'be about 4 times greater chan that of 
e Sun 


l 2 r this Would be a Determ a Determination ſufficiently 
| 


oGQGVYGu ni. at od 


| 
N 
| 
[ 
x 


were the Sun and Moon in the Equator, in their 
7 Meas erf the 70 alſo were the Tides 
to be greateſt and leaſt in es and Quadrat 
5 and the Diſtance of the Mos * ſame . * 
| ſince all thoſe Things are found otherwiſe in Fach, we 


ces . amo tas M0 on i@. wab cat Gan 


ſhall have the above-mentioned Proportion varied by 
them, in ſuch Manner, that it will become at ; 
1,017 $22L+0,7986355 8; 0,98 3042) *, 857032) UL 
Numbers, 6 82 3 or, putting Letters for the ; 
| 4 = 1,5175, b= *. — c= bac... d= | 
o, 8 . we have LIS: dl. — 58: 2 
Hence a L＋ IS 5, and cal =3z 


( 

| 
whence E aL 28, which ſubſtituted in the other | 
| 


; Equation gives edL—5+aL= 3, or 2 
TR N 84 
=8, whence L = Tg = 301; then — 


o, 7808 = 8. Wherefore 8: L :: o, 7808: 4, 301 :: 1 | 
5, 508; but if we take the Mean Proportion of Tides | 
as 9 to 5, as Sir Iſaac Newton has done, then 8: L:: 
4,4815. Since the Sun elevates the Water 25 
„lack, the Moon will elevate it 25 X 5,508 Inches = 
| 137% =11 E Feet. The Sum of both Forces ſhould 
' efevate the Water 1 3x Feet at the New and Full Moon, 
| and the Difference of the Forces ſhould raiſe the Water | 
91 Feet, as in the Quarters; and theſe Hei 2 
- pretty well to Obſervations: For in the Atlantic and 
Arbiopic Oceans the Tides are found from 6 to 15 Feet 
NN and MI ATR in the great Pacific W 


| 
| 
/ 
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In ſhort, that the Phenor ena of che Tent n | 
Reſpect, may anſwer to che cory, the ee 
ſhould be covered with-yery deep Water; 4 Walt 
Ocean ſhould not be leſs thi; go Deg 2 Wide, or ble 
Quarter of the Globe. In len 

29. The Sum of Al} chat has been fad if this?! * tr 
NOPQ be the Surfice of the Earth, T. its utte, 
IFKGLHCE a Circle repreſenting the ſpherical 


Surface of the Waters covering. the Earth, and affected 
only with the Gravity of the Earth upon placing 

attracting Body as S at the Niſtance 8 T, the Wat 

will no A continue their ſpherical Figure, but be 
immediately drawn into aſpheroidical Figure A CBD, 
in ſuch Manner, as to be depreſs d at & and D to M 
and K, and elevated from L and I to A and B; and the 
Elevation A L or B Lis dquble the Depreſſion M or 


DK. That if S be the Sun, then APO K 

+KD = 25 Inches; or 11 f Feet, if $ be the Moon. 
That at the Points E, E, G, H (which are call'd the 
Ofants) the Water is neither elevated nor 2838 
That if any other Body be placed at O (as the Moop) 
in the ſame Right-line T S; then by the joint Influ- 
ence of both S and O, the Elevation at A and B will 


be increaſed, and the Depreſſion at C and D likewiſe. 


Laſtly, if S be in the Situation S, or vertical to the 
Point D, 'tis plain its Action to raiſe the Water D will 
be directly contrary to that of the Moon in depreffing'it 
there; wherefore the Depreſſion will not be ſo great as 
before; for the ſame Reaſon the Elevation at A and 
B will be diminiſhed, being now only as the Difference 
— the two Forces, whereas before they were as the 

30. We ſhall now conſider the Phænomena of- the 
Tides which remain; and firſt, it is evident, that if 
PN be the Axis of the Earth; and QO the Diameter 


of the Equator, then the Moon ſituated at O, oyer one 
of the Poles, would accumulate the Water over each 


Pole, and the Spheroid would be ſo poſited as to have 
its longeſt Axis A B coinciding with the Axis of the 
Earth PN. In this Poſition of the 8Spheroid, tis plain, 
there could he no ſuch: Thing as a Tide in any Patt of 


mw 


Plate 
XXVI. 
Fig. 2. 


the Ocean over all the Earth, for every Section of the 


Spheroid, 


| 
| 
| 
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Fig. 4. 
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Spheroid, parallel to the Equator; would be a Citcles 

con in ary Parallel uf Latitude, the Water 

would / beat 2 Diſtande from the Earth's Sur. 

face very Moment of -the\diuenab cure 9 


tural Day. Fance 


— Suppoſe the Moba were ainoredfivanthe Di. 
on 


of the Earth's. Axis, and pdſitedat.8, then with 
the Axis of the! aqueous Bpheroid A B be turned t 


wards 8, and male an Angle with the Earth's Axis,a 


AT P,or B TN. Then we obſerve, that ſures Cz; 
are the Plates of loweſt Wuten that Parallei I K which 
paſſeth through the Peiat Non one Side the Equator, 
and LM which paſſes through M on the other, will 
divide the Earth into, three Zones, in two of which) 
viz. EN K and Lp M, thereqvill be but exe Tide each 
Day, of the ſame: Kind; for Inſtance, in the Famile 
EF, a Perſon at F will have high Water, and 21 U 
lor Water 12 Hours after. Again, in all the 

LK ML, chere will de two Tides of the fame-Kind 
each Day, as is evident ſrom the Figure. Thelk Ei- 
mits, or the Arch QI of OM, is the yy 
the Moon's Declination from the Equator. 

32. If the Moon 4, 8 be over the Bauator, the 
jonger Axis of the Sphereid AB will now coincide 
with the Plane of the-Fquator QO, and the ſorter 

Axis CD with the Axis of the Earth N P. Here 
obvious, that in this: Situation of the Spheroid, the 
Waters in the Parts A, B, with reſpect to thoſe at C , 
will give the greateſt Bifferenee at high and low Water 

ble to all Parts of the Earth; and that there is 10 
lace, but thoſe two at the;Poles.N, P, but what has 
two Tides of Flood, and two of Ebb eve 24 Hours: 
And this Difference, of the Flux and R —— =" 1 
creaſe. from the Equator to the Poles, 


33. L have already.obſeryed- that the greateſ EI Elen 
tion of the Waters is not when the Luminary is in the 


Meridian, but about three Hours aſter, becauſe the 


Motion communicated to the Waters during the Ar- 


rival to the Meridian is not immediately deſtroyed, but 
remains ſome Time, and receives a farther Augmenta- 
tion from that vrhich. i© impreſs d for about three Hours 
r For the fame, Reaſon, we obſerve, the 9 
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or Quadrature, but on the gd or th aftar ; the Sum or 
Difference of che Forcas of the Luminaries ciot being 
till then at a Adaximiunm. ML, Al- 
34. Let S FH be the: Ocbit of the Moon ahout 
the Earth NO, ich as it is not cirdular but 
elliptical, the Centre nf the-Karth F wl not be al- 
ways at an equal Diſtance om che Moon; but the 
Moon will be ſometimes 
8, and fometimes fartheſt 
is called the Perigæum, or · Ne 3 and the Point E the 
Apegæum, or- RMpoger. | the Moon in her 
Perigee is to that in iche Hpoger nearly us IT E. to 
T S7; and conſequently the greateſt' Tides/will be on 
the Day of the Perigee, ar tagher a fe- Days after, for 
the Reaſons 3 WW 2 * 0 * . N 
35. This is very nearly sgreeable to ience, 
rer in a ebruary 26, the Elevation of 
the Water at Brifol vans 22 Feet 5 Inches; and on 
March 13, it Mas 18 Feet 2 Inches. Dhe Moon, in 
the firſt Caſe, Was in her Perigee, and diftant from the 
Earth 953 Parts, of ich the Mean Diſtance contains 
1000. In the latter iCaſ&fhe was in her Apogee, and 
her Diſtance was 1032. Now 1032 20537 :: 224 
Feet: 17 Feet 8 Inches, which is but 6 Inches lefs than 
the Altitude obſerved. All other Circumſtances were 
equal in both Caſes. 11 n N CE. Te TIE 13 if 
36. In like Manner, ſince the Earth moves about 
the Sun, in an Orbit in ſome ſmall elliptical; 
the Sun will be at one Time neareſt to the Earth (20 
that is call'd the Perihelion) and at another Time fartheſt 
diſtant from it (which is then call'd the Apbeli.) 
Now when the is im ber Peribelicn, ¶ Derember) 
or a few Days after, ie Foree of the Sun to move the 
Waters, will be greater than when in her Aphe/ion'(in 
June.) Thus it was ohſerved in the Year 1712, Ds. 
cember 28, the Water aſcended 19 Feet 2 Inches, and 
on June 19 (of the preceding Var) it aſcended but to 
the Height of 18 Feet 4 Inches: The Diſtance of the 
Moon, c. being the ſame in each Caſe" which will 
be found nearly to anſwer to the Ratio of the Cubes of 
the 


eat at E. Tie Point 


the Earth, as When 3 


Rig 


1nd laſt Tides bappen nurn the Day of che Schr, of 
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Fig. 7. 


HYDRA 
the -Diftan e ne the apparent Diameter 


5037. For. ſince e apparent Diameter AB of any Bo. 
dy decreafes with the Angle A © B under which it is 


ſeen, ſo that at C and Dit will be as the Angles AC 


and ADB; and theſe Angles decreaſe as their Radii 
(or the Diſtances CF, DF) increaſe ; it follows that 


| the I Diameter Ah ip — "— 
10. 3183 im 


asg OY IOV! 
DO Whenee-if the apparent Diameter of the Su 


25 — 2 and T's, the Diſtance, of the Sun, then ſince 


7 e Sun's Fe orce $(F ) to move the Sea u 


= —_ ſhewn in Mt 9. & Wafefore F = = == =D; 


that is, the Force of the Luminary to move the Sea in dl. 
_ as the Cube of the apparent Diameter theresf- 

38. As the Force of the Moon to move the Waters 
is at a Medium about 5 times greater than that of the 
Sun, which is the rast Part of Gravity; that of tit 


Moon will be the rt Part of Gravity; and there- 


fore by far too ſmall (o be ſenſible in the Motion of 
Pandulums; or any Kind of Static or Hydroſtatic Ex- 
periments. In the Motion of the Waters of the Ses 
only can it produce any ſenſible Effect. 

39. To eſtimate the Elevation of Waters which the 
Earth will produce in the Moon; let us ſuppoſe the 
Quantity of Matter (Q) in the Earth to be to that in 
the Moon (g) as 40 to 1, that is, Q:q::40:n 
and let us firſt ſuppoſe the Earth and Moon of equal 
Bulk, and repreſented by AIK and BDE, and the 
Force (F) of the Earth, at the Surface of the Moon B, 
will be to the Force (f) of the Moon at the Surface 
of the Earth A, directly as the Maſſes of Matter in 
each (becauſe of the equal Diſtances T B and L A), 
that is, F: f:: Q: 9 :: 40: 1. Again, let L B be to 
LC as the Diameter of the Earth to that of the Moon, 
which is as 365 to 100, then will the Force at B be to 
the Force at C as LB to LC, which let be as F wh 

then 


? 


Hy DNA UTLAcA 


OW Et ns, 
bove we have F 40 f, therefore 4000 f ar 365 j and 
ſo f: Tu 365 : 4000 * 1; 11 nearly; chat is, 750 
Pnuer of Earth te ruiſe the Water ur fl. "Moon ©; 
is te that, gf the Moen d eee 
nearl 400 a (1 907 16 } 
«Hs then the Moone ca raiſe qhe Water here 20 
Feet, 'the Earth can raiſe the Water 1 mes 1 


of 110 Feet; bur becauſe the'Moon'alvays 


on this' and the ppi and always c 
over. the ſame Part 1 Sante fo TG 
can be no different Heights ODE there, and con- 
uently no Tides, ex what ſmall ones 
. on — * of the 807 Attraction, Hay graced — 
ous Inequalities of Motion, and Diſtance. from the 
Earth. ating ths er Way 
41. The Air, which, iz/860 times lighter than Wa- 
ter, muſt yield in Proportion more eaſily to the attract. 
ing Force of the Sun and Moon; and therefore the 
Tides will in this profound and vaſt Aerial Ocean be 
very conſiderable and importing. But of: this the 
Reader may expect a further Account. when we come 
to treat directly of * INES r _ 
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I r ATMOSPHERE in ganer 


tity. chere in Natural 
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bern vi. 


cial or Factitious AT} of rn Oy 


Experiments relating thereto; f the 


Weight / the Ain; of the Nature of the 
- BaAROMETER for mating the ſame; an 
* Arcqunt of the ſeveral } Kinds, viz. the Pets 


pendicular, Diagonal, Horizontal, Hen. 


dent, Wheel, and Water BakoMETERS, 


Te le Way of making the Common Be- 
rometer. be Nature and Uſe of the 


Nox1vs, offhied thereto, explain'd, The 


De of the Barometer in meaſuring i- 
Heights of Mountains, c. The SpRING 


or ELASTICITY of the Air accounted for, 


and explain d. The Nature of the SEA. 
| GacE explain d. The Altitude of the 
. ATMOSPHERE determin d. The Art of 


SAILING in the Alx proved impoſſible, 
The ABSOLUTE WEIGHT of the Air de- 
termin d by Experiment. Its variable Preſs 
ſure on Human Bopies; the Quantity 
thereof computed. An Account of fifty 
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the Air-Pump ; an Air-Pum 
Invention. TheDrvind- 
The Nature and L 
explain d. The' 
THERMOMETER: : 


3 
of THERMOMETER 
ewtordiin STANDARD 
arcnheit's new Mers 
curial Thermometer Ha, Hyc ro 
METERS 'of ſoveral 555 ex d. ' The 
Common Al x- GUN N De MaGa- 


2ER ArR-Gο 2 eulen Helle, . 


Fins Part 5f Natural Phil 85 
which treats 2 the, Nature, Pro- 


perties and Fe. of the ATM0« 
sPHERE, or Body of Air encomip: 
Earth, is called PNEUMAT CS, from 
the Greek Word for Find or Breath. © 
Taz Air is generally eſteemed a” Fluid, 
but yet differs from the general Nature of 
Fluids in three Particulars, vix. lt.) In 


that it is compreſſible, which Property” no 
other Fluid has. (z.) It cannot be con- 


gealed, or any how fred, as all other Fluids 


may. (3.) It is of a 4% een, Denfity in 
every Part, decreafing from the Earth 
Surface upwards; whereas other Fluids arg 


of an uniform * wroughout. The 


Experiments of the Ark-Puxte rearing fo 


ng the 
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properly any Fluid at all (LXXXV). 


| the Earth itſelf, is not.to be doubted ; and 
that ever ſince there has been a conflant 


and artificial Chemiſtry, Sir Iſaac Newton 


relating to the Production of ar7ificial: or 
Factitious Air (LXXXVI). 


tables too, it was neceſſary at the fir 


a — 0 —— 
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- PanuMATICS 
Air is therefore a Fluid ſu generic, if it be 


* 


THAT the Air was created at firſt with 


Generation of Particles of Air by the mu- 
tual Action of Bodies upon each other, az 
in Fermentations, and all Kinds of natural 


thinks very "reaſonable to ſuppoſe; and il 
Mr. Boyle has given numerous Experiments 


THAT 


(LXXXV) What is here ſaid of the in 

Quality of the Air, relates to the Impoſſibility of chang- 
ing it from a Fluid to a Fixed State by Cold, as Water 
is congeal'd or converted into Ice; and melted Metals 
are brought to their fixed State: And in this particular 
limited Senſe, the Air. is incongealable, or uncapable of 
Fixation, But yet it is not abſolutely ſo ; for we find 
by various Experiments, that Air has a fixed State in 
the Compoſition. of natural Bodies, from which, when 
ſet at Liberty, it becomes a fluid elaſtic Air, like the 
common Air; and this again, from a Fluid, may be 
reduced to a fixed State in Compoſition with other Mat- 
ter, though not per ſe; for we know, as yet, of no 

fixed Body conſiſtin entirely of Air, | 
(LXXXVT) 1. Since Air is abſolutely neceſſary for 
the Life of Man, and moſt Animals, yea, and Vege- 
| Formation of 
the Earth to render it a Habitation for Animals, anda 
proper Matrix for the Production of Plants. Now ſince 
there is a conſtant Generation of Air from all terreſtrial 
Subſtances (as we ſhall ſhew by and by) it follows, 
that the original Atmoſphere — be always increaſing 
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THAT the Air is a heavy or 
Bady, muſt follow from the Nature of the 
8 Matter 


in Quantity and Bulk, unleſs we ſuppoſe all that is ge- 
nerated is + Bay abſorb'd or refixed in the gabkanes of ; 
Bodies. And this alternate Tranſmutation of the State 
of Air is extremely manifeſt from numberleſs Experi- 
ments which have been made by Mr. Boyle; and Dr. 
Hales, of which I ſhall here give an Account of ſome 

of the principal of both Kinds, as follows. þ 
" 2. The Production of artificial or factitious Air is 
cauſed either (I.) by flow Degrees from Putrefactions 
and Fermentations of all Kinds; or (2.) more expedi- 
tiouſly by ſome Sorts: of chymical Diſſolutions of Bo- 5 
dies; or (3.) and laſtly, almoſt inſtantaneouſly by the 
Exploſion of Gunpowder, and the Mixture of ſome 
Kinds of Bodies, Thus, if Paſte or Dough with Lea- 
ven be placed in an exhauſted Receiver, it will, after 
ſome Time, by Fermentation, produce a conſiderable - 
Quantity of Air, which will appear very plainly by the 
Sinking the Quickſilver in the Gage. Thus alſo any 
Animal or Vegetable Subſtance, putrifying in Vacuo, 
will produce the ſame Effect. „ | 

3- Gunpowder, fired in Vacuo, inſtantly generates a 
large Quantity of Air in the Receiver, which cauſes the 
Quickſilver to ſubſide, , And in the remarkable Expe- 
riment of Dr, Slare, half a Drachm of Oil of Car- 
raway-Seed, poured upon a Drachm of the Compound 
Spirits of Nitre, produced ſuch a prodigious Quantity of 
Air, as inſtantly blew up the Receiver, which was fix 
Inches in Diameter, and eight Inches deep, The Preſ- 
ſure, therefore, of the Atmoſphere on the exhauſted 
Receiver, which it overcame, was above 400 /b, rec- 
kon ing 15 1b. to a ſquare Inch. 4 nh 

4. But Dr. Holes, in his Vegetable Statics, has greatly Plate 
excelled in his Experimefits of this Kind, and in the VII, 
Methods of making them : One of which was by _ Fig. 1. 
tillation, the other by Fermentation. That by Diſtilla- 
tion is as follows: the Matter to be diſtill'd is put into 
the Retort 7, and then at à is cemented very faſt the 

I 2 * . Glaſs 
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Water will remain in the Veſſel to the Part z; at the 


placed in the Veſſel x x, which with the Bolt-head and 


PxnEztUMATICS 


Matter. of | which it doth conſiſt ; and ſitice 


thoſe Particles ariſe from Bodies of every 


Glaſs Veſſel a b, which was very capacious at b, and 
had an Aperture cd, or Hole at the' Bottom, The 
Bolt-Head 2 b being thus immerſed in Water, with 
one Leg of an inverted Syphon put up as far as x, the 
Water would riſe in the Bolt-head, and drive out che 
Air through the Syphon, which being taken out, the 


ſame Time, while the Bolt-head is under Water, it is 


Retort is carried. to the Chymical Furnace, where the 


 Retort has the Heat and Fire gradually communicated 


to it, and the Bolt-head ab and Veſſel x x well ſereen d 


from the Heat of the Fire. 
5. As the Matter diſtill'd, all except the Air, would 


go down into the Water of the Bolt-head and Veſſel; 
the Air that was generated or * by the Proceſs 


would be ſhewn by cauſing the Surface of the Water 


in the Bolt-Head to ſtand below or above the Point 2, 


as at y, when all was ſet aſide till it became quite cold. 
Thus if the Body diſtilling generates Air of an elaſtic 


* 


uality, that added to the former will not permit the 

Vater y to riſe ſo high as z, and the Space between z 
and y below will ſhew how much Air was producel 
from its fixed State. 


6. But if, when all is cold, the Surface of the We- 


ter y be ſeen above the Point z, it then ſhews that the 
diſtill'd Body did deſtroy, that is, imbibe or abſorb, 4 


Part of the natural Air above z ; and the Space between 


z and y, AlIFd with Water, will ſnew what Quantity 
was changed from a repellent elaſtic to a fixed State, by 
the ſtrong Attraction of the abſorbing Particles of the 


. diſtilled Body. This Quantity of 1 or abſorbed 


Air it is eaſy to meaſure in Cubic Inches, by ſtopping 


. the End of the Bolt-head with a Cork, and then from 


a Quantity of Water of a known Weight to fill it firk 


...toz, and afterwards toy; and the Difference of . 
. In the two Bulks of Water gives the Number of Cu 


Inches 
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Kind in or upon the Earth, tis evident 


the conſtituent Parts of Air are of a moſt 


Betero- 


Inches from a Table of fpecific Gravities, in the Man- 


— 


ner we have formerly ſhewn. ' | 

7. The other Method which the Doctor made uſe of 
for eſtimating the ſurpriſing- Effects of Fermentation 
ariſing from various Mixtures of ſolid and fluid Sub- 
ſtances, in generating and abſorbing Air, was as fol- 
lows : He put the Ingredients intu the Bolt-head h, and 
then run the long Neck thereof into a tall cylindric 
Glaſs a 5, and inclining both almoſt horizontally in a 
large Veſſel of Water, the Water ran into the eſſel 
a 5, and driving out Part of the Air would poffeſſ. its 
Place upon turning them up and placing bath in a Veſſel 
of Water xx, as you ſee in the Figure, where the Sur- 
face of the Water ſtands in the inverted Glaſs 2) at 
the Point z. 5 1 

8. If the Ingredients generated Air, then the Water 
would fall from z to y, and the empty Space z y was 
equal to the Quantity of generated Air; but if on Fer- 
mentation they abſorbed or fixed the active Particles of 
Air, then the Surface of the Water would aſcend from 
z to n; and the Cylinder z #» would. be the Bulk of Air 
abſorb'd, which is eaſily known in Cubic Inches. 

9. When the Subjects for Punt theſe Experiments 
were a burning Candſe, burning Brimſtone, Nitre, Gun- 
powder fired, living Animals, &c. the Doctor uſed to 
make uſe of a Pedeſtal, on che Top of which was a 
Plate whereon he laid the Matter to be fired ; then in- 
verting the tall cylindric Glaſs over it, and drawing the 
Water up to z z with an inverted Syphon, he ſet fire to 
the Matters lying on the Plate by means of a Burning- 
Glaſs concentering the Sun's Rays in its Focus upon the 
ſame. See the Figure. | | 

10. But the Way that I make uſe of, and which is 
the moſt eaſy and expeditious poſſible, js inſtead of hay- 


ing the cylindric Glaſs cloſe upon the Top at b b, to 


have it open by a ſmall Neck, on which a braſs Cap is 


ccmented with a Female-Screw to receive a Stop-Cock, 
| > Ta ” 


Plate 
XXVII. 
F ig. | 2. 


Fig. 3. 
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| heterogeneous Nature, and infinitely variou 


draw off the Air, and raiſe the Water to what Hei ht 
of Bellows, as the Doctor made uſe of. 
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in their ſpecific Gravities: : Whence alſo it 


will 


to take off the Communication of the external Air 
when Occaſion requires. Thus the Uſe and Trouble 
of the Syphon is ſuperſeded; and in caſe of noxious 
Fumes, Vapours, &c, from Aqua fortis, burning Brim. 
ſtone, &c, a Syringe ſcrewed on to'the Stop-Cock will 


you pleaſe, without the cumberſome Uſe of a large Fair 


11, I ſhall here ſubjoin the Quantity of Air which 
various Subſtances produce gry owe, which I have 


collected from the Doctor's n and 2 
to Cubic Inches. 


A Cubic Inch of Ho s Blood 22 — 5 


Tallow — — . 25 
Deer's Horn — — 234 
Oyſter-Shell _ — 324 
Heart-Oak — — 216 
Peaſe — — 396 N 
Amber L N 270 
13 Oil of Aniſeed — — 22 
885 Oil of Cloves — — 88 
89881 Hon — 144 


= Yeloy 1 Wax —— 54 
Coarſeſt Su — — 12 
| rank le C050 — — 360 
Antimon ( — —: 

Pyrites — — 
Sea-Salt mixed with Bone-Calx 64 
Nitre, with ditto — 180 
Sal Tartar ditto — 224 


Fei er — 30 


| 2 Calculus Humanus — 64 ; 
„ in the Gall-Bladder 64 


12. | Theſe are the principal Experiments by Diſtil- 


| lation... Others were made by Fermentation in various 


Mixtures, | 


2 


— 
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will follow, that as the Matter which com- 


poſes the Body of Air, or Atmoſphere, is 


always 


Mixtures, ſome of which generated Air, others ab- 
ſorb'd it, and ſome did neither generate nor abſorb Air, 


The principal Subjects, which of themſelves abſorb Air, 


are the Fumes of burning Brimſtone or Matches, the 
Flame and Fumes of a burning Candle, the Breath of 
living and * as Rats, Mice, &c. 

13. Thus the Doctor found that Linen Matches 
dipped in melted Brimſtone, and fired under a Glaſs in 
a Quantity of 594 Cubic Inches, abſorb'd 150, which 
was full one Fourth of the Whole. A Candle burning 
till it went out, its Fumes afterwards conſumed r Part 
of the whole Quantity of Air, which was 594 Cubic 
Inches. A half-grown Rat expired in the confined Air 
in ten Hours, and abſorb'd 45 Cubic Inches of Air, 
which was 7; Part of the whole 5 | | 

14. From what has been ſaid we ſee with how much 
Reaſon Sir Iſaac Newton philoſophized on this Subject in 


the following Words. True permanent Air ariſes - 


e by Fermentation or Heat from thoſe Bodies the Chy- 
« miſts call fixed, whoſe Particles adhere by a ftrong 


Attraction, and are not therefore ſeparated and rari- 


e fied without Fermentation; thoſe Particles receding 
&« from one another with the greateſt repulſive Force, 
<« and being moſt difficultly brought together, which 
upon Contact were molt ſtrongly united.” And 
again: * Denſe Bodies, by Fermentation, rarify into 
e ſeveral Sorts of Air; and this Air by Fermenta- 
tion, and ſometimes without it, returns into denſe 
“ Bodies,” See his Optics, Query 30, 31. 

15. Now ſince Air is a heavy Body, a Cubic Inch 
whereof weighs very near 2 of a Grain, it follows, that 
Air in its fixed State in Bodies makes a Part of their 
Subſtance, and in ſome of them a very great Part too, as 
is known from the Quantity and Weight of the Air 
diſcharged upon the Analyſis of the Bodies. This has 
eſcaped the Obſervation bf Chymiſts, who have hitherto 
taught that all Bodies were ultimately reſolveable into 

I 4 | what 
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akaaps*variable, ſo . will its Weight or Gr 


vity be likewiſe ; as\ we conſtantly experi- 
Ne 8 ence 


what they call: Fur Elements only, viz. Water, 
Sau, and Earth. But by the following Table it 


appear, that Air is an Element of Natural Bodies in as 


proper a Senſe as any of the other. 


156. In the finſt Column of this Table you have the 


Bulk of the Body in Cubic Inches and Parts; in the 
the Number of Cubic Inches of generated Air; 


in the third is the Weight of the Body in Grains; in | 


the fourth is the Weight of the generated Air; and the 
fifth ſhews what Part of the Whole the Air makes. 


ee. a... Ao ide, Co Inch. Orv. | Ger, 2 
Deer's Horn, OE 17 — 241— 33 —- 3 
Oyſter-Shell, 1 — 162 — 266 — 46 —- 1 
Heart of Oak, 2 — 108 — 135 — 30-1 
Indian Wheat. — 270 — 388 — 77 — + 
r 1 — 396 — 318 — 113 — + 
Muſtard-Seed,,, — 270 — 437 = 77 = 3 
Amber: n: r 135 — 2135 — $36 
Dry Tobacco, ; „ Tg 343 2» 20 2075 g * 
Hen it Cle} 1 369 = 0 = 
Yellow. Wax, 1 — 34 — 243 — 15 we 
Coarſe Sugar, 1 — 126 — 373 — 36 — 75 


Newcaſtle Coal, 4 — 180 — 158 — gl —+ 
1 2 — 90 — 211 — 26 —-4 
Rbeniſb Tartar, 1 — $04 — 443 — 144 — + 
Calculus humanus, 1 — 516 — 230 — 147 — F 


17. Thus we ſee that different Bodies contain diffe- 
rent Quantities of fixed Air, from a Sixteenth to a Half 
of the whole Subſtance. From hence we may be fully 
ſatisfied of the Truth of Sir Iſaac Newton's Reaſoning 


in the 37ſt Query of his Optics, in theſe Words: The 


Particles, when they are ſhaken off from Bodies b 
% Heat or Fermentation, fo ſoon as they are beyon 


Le the Reach of the Attraction of the Body, recede from 


8e it, 
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ence by the-BaROMETBR8, of various Kinds IM 


and Structure {LXAXRVU). ol 


SINCE 


« jt, and alſo from one another, with great 8 

« and keep at a Diſtance, ſo as ſometimes to take 

« above a Million of Times more Space than they did 
« before in the Form of a denſe Body: Which vaſt 
« Contraction and Expanſion ſeems, unintelligible by 


« feigning the Particles-of Air to be ſpringy and ra- 
« mous, or roll'd up like Hoops, or by any other 


« Means than by a repulſive Power:” -, 


18. That the Particles of Air cannot be thus coil'd 
up and detain'd in their elaſtic State in the Subſtance of 


Bodies, is eaſy to be:ſhewn from Calculation. Thus, 
for Inſtance, one Cubic Inch of Oak yields 216 Cubic 
Inches of Air: Now ſuppoſe the Preſſure of the At- 
moſphere be on every Square Inch about 15 1b.” (as 
we ſhall ſhew) then in order to compreſs 216 Cubic 
Inches into one Cubic Inch, the Weight of 216 Times 
15 tb, or 3240 1b. which would bothe Force to confine 
it on each Side the :Cube, which, as it has fix Sides, 
will require 6X 3240 = 194406, or near —— thou 
ſand Weight, to confine this Air in its elaſtic State in 
one Cubic Inch, ſuppoſing it to be all Air; but, as it 
is not, the Force will be greater ftill, This Force 
therefore of 19440 lb. muſt be exerted in every Cubic 
Inch of the Oaken Tree, which would rend it in Pieces 
with a vaſt Exploſion, It is therefore not to be doubted 
but Air in Bodies does exiſt in a fixed and unelaſtic 
State; and that it is rouſed, and put into an active re- 
pellent State, by means of Fire and Fermentation. 
19. They who would ſee the numberleſs Uſes that 
may be made of this important Doctrine of artificial 
Air, and the ſurprifing Scenes of Knowledge which it 
lays open in the moſt abſtruſe and difficult Parts of 
Phyſics, may conſult all the latter Part of the invaluable 
Book above mentioned, viz, Dr. Hales's Vegetable and 
Chymico-Statical Experiments, ſome of which we ſhall 
take notice of alſo in the Sequel of theſe Notes, 
(LXXXVII) 1. The Weight of the Air is manifeſt 
from Reafon and various Experiments, The Particles 


2 are 


1a 


. 
: 
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„Singen the Particles of Air are ſuch W 


being ſeparated from Bodies beyond the 


Sphere 


are affected by the Power of the Earth's Attraction, and 
muſt therefore all gravitate or tend towards its Centre, 
which is what conſtitutes Weight in them, and all 
other Bodies, The Experiments to ſhew the Weight 
of the Air are numerous which we ſhew on the Air. 
ump, among which one 1s abſolute and very exaQ, 
weighing. it in a Balance, in the ſame manner as 
other heavy Bodies are weigh d. wo e S 
2. The Method I take for this is, I believe, the moſt 
exact and nice that can poſſibly be thought of. For 


ſince (as we have ſhewn) the Friction of the Balance i 


in Proportion to the Weight with which it is charged, 
the leſs the Weight is the leſs will be the Friction, and 
conſequently the more nice and exquiſite will be che 
Experiment. In order to this I take a very thin 
Florence Flaſk, whoſe Capacity is exactly known in 
Cubic Inches: This I exhauſt of all the Air as near a 
can be, and then hang it to the end of a very fine and 
exact Hydroſtatic Balance, which I counter-balanceb 
Grain-Weights in a Scale hanging from the other End. 
When the Equilibrium is nicely obtain'd, I lift up the 


Valve, and let the Air ruſh into the Flaſk, which is 


ſenſibly heard, and ſeen to gravitate in the Glaſs, by 
caufing it gradually to deſcend till it be fill'd with Air, 
and will then preponderate greatly. Then to reſtore 
the Equilibrium, I find by Experience *tis neceſlary to 
add about 8 Grains for every Pint the Flaſk contains; 
which ſhews that a Gallon of Air weighs about a Dram, 
and a Buſhel an Ounce Trey; and becauſe one Pint = 
28 Cubic, Inches nearly, therefore one Cubic Inch of 


Air weighs 2; = 5 of a Grain, at a Mean. 


3. As the Air is a heterogeneous Fluid, it will vary 
in its Weight according to its different component 
Parts, and alſo according to its different Altitudes, which 
it muſt have as an elaſtic and fluctuating Fluid. Since 
few Bodies are lighter than Water, and that Water 


is moſt eaſily rarified into: Vapour, it follows, that the 
Atmoſphere fill'd with aqueous Particles will be lighteſt, 
= | 
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sphere of corpuſcalar Attraction are 
ſtrongly repell'd from thoſe Bodies; this Ne- 
3 pellency, 


as we generally find it is in moiſt rainy Weather; and 
alſo that it muſt oftner be in this light than in a hea- 
vier State: And that Inſtrument which ſhews the Vari- 
ation of the Air's Gravity, or its different Weight at 


different Times, is call'd a BAroMETER, of hit 


there are various Kinds, which are here deſeribed; b 
I ſhall firſt give an Account of the moſt ſimple Struc- 
ture or Form of thoſe Inſtruments, which is as follows. 


A Glaſs Tube, hermetically feal'd at one End, is to 


be fill'd with Quickſilver, well defecated and purged of 
its Air: The Finger being then placed on the open End 
in immediate Contact with” the Mereury, ſo as not the 
leaſt Particle of Air is admitted; the Tube is inverted, 


and carefully immerſed” with the Finger on the open 


End in a Baſon of the-ſame prepared Mercury; then 
upon removing the Finger, the 82 in the Baſon 
will join that in the Tube; and the ſaid Column of 
Mercury in the Tube will be ſeen immediately to ſub- 
fide, or fink down to a certain Pitch or Altitude, if the 
Tube be above 31 Inches long, as it ought to be. 
4. Let AB be ſuch a Tube of 34 Inches Length, 
and + of an Inch in Diameter, (as it ought to be for 
this Purpoſe) hermetically ſeal'd at A, and open at B; 
let C D be the Baſon of Mercury, in which the Tube 
is immerſed inverted, the Surface of the Mercury in 
the Baſon EF, and in the Tube GH. Now, 'tis eaſy 
to underſtand, that if all this could be perform'd in 
Vacuo, as ſoon as the Tube was inverted, all the Mer- 


cury would deſcend into the Baſon, becauſe as a heavy 


Body it muſt tend towards the Centre of the Earth, 
till it meets with ſome Obſtacle, as the Baſon, to ob- 


ſtruc its Motion, and ſupport it. I ſay, all this would 


happen in Vacuo, unleſs we can ſuppote any Power in 
the Tube ſufficient to ſuſtain the Column of Mercury 
now there can be no ſuch Power but that of 1 
which indeed, in Tubes of a ſmall Bore, has been 
found able to ſuſtain it; but in ſo large a Bore, as we 


ſuppoſe 


123 


PN NUM AT ICS. 


pellency being mutual between the Pan 
ticles, they do by this means conſtantly 
repel 


ſuppoſe this Tube to have, that Power is by far too 
ſmall to ſupport ſo heavy a Column, which muſt there- 
fore of Courſe fink into the Baſon; and ſo ſtand upon 
the ſame Level in the Baſon, and in the Tube. . 
5. But ſince the Merquay does not totally ſubſide 
when this Experiment is made in the Air, the Column 
which remains in the Tube muſt owe its Suſpenſion to 


the Air as its Cauſe, fince nothing within or without 


the Tube can be ſuppoſed (with any Shew of Reaſon) 
to produce ſuch an Ness, ſides itſelf, Now allow- 
ing the Air to be a gravitating Fluid, it muſt n 

cauſe ſuch an Effect, as the Suſpenſion of Mercury in 
the Tube; for by its Gravity a Force of Preſſure muſt 
be produced on all the Surface of Mercury in the Baſon, 
which is contiguous to it, and on every Part equally, 
Now ſince the Mercury in the Baſon is in Equilibr 
with that in the Tube, it is plain the Weight of the 
Mercury in the Tube, and the Weight of the Air upon 
every circular Area of the Surface of the Mercury in 
the Baſon, equal to the Orifice of the Tube, muſt he 
equal, for elſe they could not balance each other, as 
we find they do; the Column of Mercury therefore is 
ſuſtain'd by the Counter-Preſſure of a Column of Air 
of the ſame Baſe, and whoſe Altitude is equal to that 
of the. Atmoſphere. 

6. That the Weight of the Columns of Air and 
Mercury, we have now been. ſpeaking of, are preciſely 
equal to each other, will be farther evident, if we can- 
ſider, that upon Suppoſition the Quickſilver were tho- 
roughly purg'd from Air, when it ſubſides in the Tube, 
it muſt leave a Vacuum in all that Part of the Tube above 
it, and ſo there is nothing to act upon its upper Surface 
to depreſs it; it will therefore always ſink or riſe to ſuch 
an Altitude, as the various Gravity of the Air requires, 
and of which it is therefore an adequate Expreſſion or 


| Meaſure, as its Nature imports, This Invention was 


owing to that happy Italian Genius Terricelli, a Ds 
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repel each other, ad" therefore they mut 
obſerve an equal Diſtance among them 
of the famous Collhe. And hene it is very often c 


the Torricellian Tube, and the Torricellign Experiment, 


. Since, as we have ſhewyn, this ſuſpended Column 
of Mercury exactly dis the Gravity of the Air at 
all Times, it has employ d the Attention of all Man- 
kind, who very ſenſibly find themſelves affected with 
the different State of the Air; but more eſpecially has 
it merited the Conſideration of Philoſophers, who haye 


taken all Opportunities to explore, by this Means, the 


two Extremes of the Air's Gravity, viz. when it is leaſt 
and greateſt of all, by obſerving the leaſt and greateſt 
Altitude of this mercurial Column, which by long Ex- 
rience we find to be very nearly between 28 and 31 
— it being very rarely leſs or more than thoſe 
Heights; whence 29 Inches is fixed upon as the Mean - 
Altitude, expreſſive of the Mean-Gravity of the Air, 
which therefore let be repreſented by B H, and let the 
greateſt Altitude be BI, and the leaſt BK, then is TK 
call'd the Scale of Variatimm, | 
8. Now as there is a Space of 3 Inches in the per- 
pendicular Tube for the Mercury to riſe and fall in, 
and ſince Fluids will always have the fame Altitude in 
a Tube of any Form or Inclinatioh ; Artiſts have con- 
trived Methods to increaſe the Motion of the Mercury, 
by making it move over a larger Space; and thus have 
invented ſeveral different Forms of Barometers, the 
principal whereof 1 ſhall here deſcribe. That whi 

next to the upright one, is in moſt Eſteem, is call 
the Diagonal Barometer, and is that in Fig. V. where 
ABCs a Tube ſeal'd at C, immerſed in Mercury at 
A; this Tube is perpendicular from A to B, where the 
Scale of Variation begins; from therice it is bent into 
B C, making an acute Angle FB C. This Part BC 
proceeds to the higheſt Limit in the Scale of Variation, 
viz, I C; and conſequently while the Mercury riſes 
from K to I in the common Barometer, it will _— 
8 
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ſelves. When, therefore, - thoſe aerial Pars 
this from B to C (See Annetar, LXIX. 4.)-and ſo-the 
Scale will by this means be inlarged in the Proportion 
of C to F BI K, i. c. of the Diagonal to the leaſt 


Side of a Parallelogram,' 


M.otion of the Mercury therei 
* 2 8 11. The 


quently. This Form is the Invention of Sir Samuel 


9. The Fault which this Form is ſubject to is this, 


that as the Quickſilver is a very heavy Body, and ſup- 


rted on the Part B C, like a Body on an Inclined 

lane, it muſt have a great e of Friction, which 
is the more ſo as the Part B C is more oblique, and 
conſequently the very ſmall and nice Variation of the 
Air's Preſſure cannot be ſo well ſhewn in this Form, 
where the Motion is not abſolutely free; and it very 
often happens, from the Inclination of the Part B 
that the Quickſilver divides into ſeveral Parts, and fo 
requires the Trouble of filling the Tube anew too fre- 


oreland. . WS Lo 
10. Another Form of the Barometer for enlarging 
the Scale of Variation, was contrived by Mr. Caſſini, 
and afterwards compleated by Mr. John Bernouilli. It 
conſiſts of a Tube A C D F, ſeal'd on the upper End A, 
and bent to a Right Angle at D, whence it has the 
Name of the. horizontal rectangular Barometer. The 
Mercury ſtands on both Legs from E to B. The Scale 
of Variation from A. to C, is here made of a larger 
Part, and then it is evident in moving 3 Inches from A 
to C, it will move through ſo many Times 3 Inches in 
the ſmall Leg D F, as the Bore of D F is leſs than the 
Bore of A C, whence the Motion of the Mercury at 
E myſt be extremely ſenſible, but the Inconvenience 
here too is, that the Mercury is very apt to break off 
in the Leg E, as alſo to run out at the End F ; beſides 
that, here is alſo a great Degree of Friction, and not 
only that, but the Part D F being of a very ſmall Bore, 
the Attraction of Coheſion will a little impede the free 


* 
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to approach nearer to each other, tlie re- 
pulſive Power will re- act or reſiſt the ſaid 
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4 Force. | 


11. The next Sort of Barometer that T-ſhall de- 
ſcribe, is call'd the PxnDEnT-BAROMETER, becauſe 
being a ſingle Tube only, it is hung up by a String at 
the End A, This Tube is a little tapering or conical; 
the End A being a little leſs than B; it is ſeal'd at A, 
and fill'd with Mercury from A to F = 31 Inches 
then when the Tube is inverted, the Mercury, if the 
Gravity of the Air be not „will fink down in 
the Tube and abide in that Part C D, which will ad- 
mit its Length or Altitude-C D to be'the ſame with 
that in the Common Barometer. Thus by reaſon of 
the conical Bore of the Tube, as the Air grows lighter 
the Mercury will deſcend, till when it is lighteſt of all, 
the Mercury will ſtand: from the lower Part of the 
Tube B to E, ſo that B E = 28 Inches, Conſequently 
the Mercury will, in ſuch a Tube, move from A to E, 
32 Inches, if the Tube be 5 Feet or 60 Inches long, 
and ſo the Scale A E is here above 10 Times greater 
than in the Common Barometer. The Fault of this 


Plate 
XXVII. 
Fig, 7. 


Barometer is, that the Tube being of a very ſmall 


Bore, the Attraction of Coheſion will be very conſider- 
able, and prove an Impediment to that Freedom of 
Motion as is neceſſary to ſhew a very ſmall Variation 


of the Air's Weight; for which Reaſon, when you 


ſhake the Tube a little, the Mercury will not ſettle 


again where it was, or have the ſame Altitude as be- 
fore; beſides, that by its Weight it is very apt to break 


off in the lower Part, and fall out of the Tube. We 


owe this Invention to Mr. Amontons, who firſt publiſhed 
it in J. D. 1695. | | 


12. The next Barometer which I ſhall mention is 


call'd the WHEEL BAROMETER, from its Structure, 
which is eafily underſtood from the Figure, Where 


ABD G repreſents the Quickſilver in a Glaſs Tube, 

having a large round Head or Ball at Top, and turn'd | 

up at Bottom to F; upon the Surface of the 3 
t 


in the recury'd Leg there is placed an Iron Ball G wi 
| a String 
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Idea of one of the beſt Sort, I ſhall here give him that 
which owes its Invention to the Reverend Mr. ni 
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Force with an equal Momentum ; and thug 
cauſe: what we call the RENI TEN T, ELAs+ 
TICITY, 


a String going over a Pulley C D, and is balanced by 
another Weight H banging freely in the Air. As the 
Surface of the Mercury at A B is very large, and that 
at G very ſmall, the Motion of the Quickſilver, and 
ſequently of the Ball G, will at Bottom be very 
conſiderable z but as the Weight G moves up and 
down, it turns the Pulley C D, and chat a Hand 
or Index K L, by the Diviſions of a large graduated 
Circle MN OP; by which means the minuteſt Vai · 
ations of the Air are plainly ſnewn, if the Inſtrument 
be ſo very accurately made that the Friction of the ſe· 
veral Parts be inconſiderable. This is one of the many 
curious Inventions of Dr. Hale. | | | 
13. Theſe are the principal Contrivances hitherto 
invented for enlarging the Scale of Variation in ſimple 
Mercurial Barometers. There are other Inventions of 
compound Barometers, viz. ſuch as are made of Mer- 
cury and Water, or other Liquors for that Purpoſe; 
but they are ſo difficult to make, ſo faulty when made, 


and ſo troubleſome to uſe, that it is not worth while to 


deſcribe them, However, as the Reader may have an 


together with his Demonſtration of its Theory, 

14. ABC is a compound Tube ſeal'd at A, and 
open at C, empty from A to D, fll'd with Mercury 
from thence to B, and from thence to E with Water; 
let G, B, H, be in an horizontal Line, then it is plain 
from the Nature of the Syphon, that all the c 
Fluid contain'd in the Part between H and G, muſt 
ever be in Eqguilibrio with itfelf be the Weight of the 
Air what it will, becauſe the Preſſure at H and G, muſt 
always be equal. Whence 'tis evident, that the Co- 
lumn of Mercury D HH is in Eguilibris with the Column 
of Water G E, and a Column of Air of the ſame 
Baſe conjointly, and will therefore vary with the * 
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ici rv, or SPRING of the Air; which is 

ſo ſenſible by the common Experiment of 

8 a blown 

of the Variations of each of theſe ; all which muſt now 
be computed. 1 | 

15. The Variation of the Weight of the Air, whichi 


we will call V, is meaſured by the Space which the 


Mercury moves in the common Barometer in a given 
Time. Let x,be the Space which the Water at E 
moves through in the ſame Time, and let the Diameter 
of the Tube A F be to that of the Tube F C as D to 1, 


then will the Space moved through at B be as FB 
and therefore G E the Difference of the Legs E K and 
K By vill vary in its Weight by x + . Alſo ſince 
the Space moved through by the Mercury at B and D is 
as e the Difference D H will vary its Weight by 


5 But this FVariation of Weight is equal to both the 
former, and ſince x + N. is an Altitude of Water, if 


| we put m to 1 as the Specific Gravity of Mercury to 


* ＋ 57 


Water, we ſhall have m2 1 1 x + 5 8 75 
Altitude of Mercury of the ſame Weight, conſequently, 
x + 55 | oy, 


; which Equation, when reduced, 


gives x = 5 which gives * Analogy ; 
Sx:VimD*:2m—D*—1, ſo is the Scale of. 
Variation in this, to that in the common Barometer, 
16. Hence if m = 14, and D = 1; we have x: V 
: 14: 26 :: 7: 13; which ſhews that when the Tubes 
AF and FC are of an equal Bore, the Variation in 
Vol. II, | K ; this 
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Fig. 1. 


which is placed the Baroſcope x re 22 0.5 m, which con- 
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Ratio of 7 to 13. If 2m D* 51 o, e 
Di, then DPS N 2m—1 = 5,2; whence it ap- 
pears that when the Diameter of AF is to that of F C 
as 5,2 to 1, the Variation x will be infinite in reſp | 
of that in the connnen Barométer. If B 2 5, Bot 
x; V.::175: 1,; which ſhews how very large the Scale 
of Variation in this Baromitter may be made in Com- 
pariſon of the common one. But I believe futh 4 
Structure as this will afford more Pleaſure in Speculs- 
tion than in Practice; and when all ig done, che Baro- 
meter of the common Form, as it is moſt ſimple, 0 K 
will be found the moſt eaſy and accurate of all others, 
17. Before I conclude this Article, I ſhall juſt men- 
tion the Barometer invented by the Rev. Mr. Caſwell of 
Or. Suppoſe A B C D be a Bucket of Water, in 


ſiſts of a hollow Body x r s m, and Tube e z y o, thade 
of Braſs, Tin, Glaſs, Sc. The Bottom of the Bube 
2 y has a Lead-Weight to fink it, ſo that the Typ of 
the Body may juſt ſwim even with the Surface 2 
ter, by the Addition of ſome Grain-Weights. As the 
Inſtrument is put into the Watesz, with the Mouth down- 
wards, the Water aſcends into the Tube to the Height 
of yu; there is added. on the Top a ſmall concave Cy- 
linder, or Pipe, to ſuſtain the Inſtrument from finking 
to the Bottom when the Air becomes heavier ; dä us 
a Wire, and ms, de, are two Threads, oblique to the 
Surface of the Water; of theſe Threads there may be 
ſeveral; and as the Water juſt touches the Top br 
Crown of the Inftrument, when the Altitude ,of the 
Mercury is leaft in the Common Barometer, ſo às the 
Air increaſes in Weight, the Inſtrument ſinks in the 
Water, and a ſmall Bubble is formed on the Thread; 
which continually aſcends and deſcends through Ml the 
Length of the Thread. From a Calculation on the 
Theory, it appears, that this Barometer is above 1200 


Times more exact than the Common Barometer. See 


the whole Calculation in the Profeſſor's own Wordy 
in the Phil. Tranſactions. PETS | A 
18. Though 1 have made and tried the Barometer 
above deſcribed, and find it to anſwer the Theory wall, 
. i 


* 
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ell, yet is it not fit for commpan: [ies becauſe if can 
— a the extreme minute Variations of the Airs 
Gravity for the preſent Time, by reaſon it is affected by 
the Heat e well as Weight of the Air, While the 
Degree of* Heat remains the ſame, nothing can exceed 
this Inſtrument as a Barometer; but as the Heat of the 
Air varies, ſo will the Elaſticity of the included Air, 


Wt: 


Gravity, while that of the Air remains the ſame, and 
ſo cannot be of conſtant Uſe, | Pk 
19. 1 have already hinted that the Common Baro - 
meter, after all, is the beſt Inſtrument to meaſure t 
Air's Gravity; which that it may do to the greate 
Perfection, the following Things are neceſſary. | ( 2 
That the Tube be at lea of + of an Inch Bore; f of 
an Inch is a good Size. (2.) The Tube ought to be 
new, clean, and dry. within when fill'd; in order to 
this, the Tube ſhould be hermetically fealed at both 
Ends at the Glaſs-Houſe when made ; one End of 
which may be cut off with a File when you intend to 
uſe it, (3.) The Diameter of the Ciſtern that holds 
the Mercury, in which the Tube is immerſed, ſhould 
be as large as conveniently may be, that the Mercury 
therein may have nearly at all times the ſame Altitude; 
otherwiſe the Index will not be true, (4.) The Mer- 
cury muſt be very pure, and free from any Mixture of 


Tin, Lead, or other Metal. (5.) It ought to be purged 


from Air entirely, as it may be by boiling it, and fill- 


ing the Tube with it while boiling hot nearly. (6.) 
The Tube muſt be heated N fill'd, to avoid 
breaking by the boiling Mercury. (7.) It ſhould be 
rubb'd very hard, to excite the Elearic Virtue, which 
will expel the Particles of Air from the Surface within, 
(8.) There ought to be a Nonius (as it is call'd) ap- 
plied to the Index of the graduated Plate, to meaſure 
more accurately the Riſe and Fall of the Mercury. 

20. This Artifice is of ſingular Uſe in this and many 
other Caſes. It bears the Inventor Nonius's Name, and 
its Nature and Manner of applying it is as follows. 
AB is the upper Part of the Barometer, in which the 
Surface of the. Mercury is at C. F G is the uſual 
Plate of 3 Inches —_— from 28 to 31; and DE is 

2 the 
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Fig. 10. 
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the ſmall Plate call'd the Norius, ſo contrived as to 
flide by the other in ſuch manner that its Index D may 
be always ſet on one Part to the Surface of the Mer- 
cury, and on the other End pointing to the Diviſion 
in the Scale of Inches correſponding thereto. Agiin, 
the Nonius is divided into 10 —_ Parts, which to- 
gether are equal to 11 of the Diviſions of the Scale; 
that is, DE = 11 Tenths of an Inch; and conſe. 
quently each ſmall Diviſion of the Nonius is equal to 
1,1 ; two of them to 2, 2; three of them to 3, 3; and 
ſo on. Whence-'tis eaſy to obſerve, that if the Index 
D points between any two Diviſions of the Scale, as 
here between 29,7 and 29,8, we need only look back 
to fee what Diviſion of the Nonins coincides with 3 
Diviſion of the Scale, and that will ſhew how many 
Tenths of a Tenth; that is, how many Tenths nd 
29,7 in the preſent Caſe : But you obferve the Nonius 
coincides with a Diviſion of the Scale at the fifth Di. 
viſion ; conſequently, the Mercury ftands at 2975 
Inches in the Scale; and fo you proceed with the 
greateſt Eaſe to the hundredth Part of an Inch, which 
is a great Degree of Exactneſs. 

21. From what has been ſaid we may eaſily ſee the 
excellent Uſe of the Barometer in meaſuring the Heights 
of Places, as Mountains, Towers, &c. For ſince (as 


we ſhall ſhew) the ſpecific Gravity of Air (ſuch as is 


near the Earth's Surface) is to that of Mercury as 1 to 
12040, *tis plain 12040 Inches of Air in Height will 
balance one Inch Height of Mercury ; conſequently, 
1204 Inches, or 100 Feet, anſwers to +, of an Inch of 
Mercury. Therefore if a good Barometer be carried 
to the Top of a Mountain, or other high Place, the 
Mercury will ſubſide near one Tenth of an Inch for 
every 100 Feet of perpendicular Aſcent, and ſo wlll be 
a proper Index of the whole Height aſcended. 

22. But ſince Mercury is not quite 14 times heavier 
than Water, the Number 12040 is ſomewhat too large, 
and therefore a leſs Height than 100 Feet will anſwer to 
7s of an Inch Deſcent of Mercury in the Barometer; 
and what that is will be ſhewn from the Experiments 
=_ by Dr. Nettleton very exactly, as in the Table 

ow. 


Altitude 
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he. B Top. D ifer 

Hei attoge, op. Difference. for 4; 
Tower of Halifax 102 — 29,78 — 29, 66 — o, 12 2 
Coal Mine 140 — 29,48 — 29,32 — 0, 16 — 87 
Another, ditto 236 — 29,50 — 29,23 — 0,27 — 87 

A ſmall Hill 312 — 29,81 — 29,45 — 0,36 — 86 
Halifax Hill $07 — 30,00 — 29.45 — 0,55 — - 91 


23. Having the Height, to which the Mercury will 
ſtand at any one Elevation, it is eaſy to find at what 


Height it will ſtand at any other propoſed. For ſince 


the Denſity of the Air decreaſes in a Geometrical Ra- 
tio, as the Altitudes increaſe inan Arithmetical one, the 
latter will be as the Legarithms of the former recipro- 


cally : But the Weight of the Air is as the Denſity, 


and the Height of the Mercury in the Barometer is as 
the Weight, therefore the Elevations are as the Loga- 

r thms of the Height of the Mercury reciprocally ; and 
conſequently, if we take 30 Inches for the Standard 
Altitude, and 85 Feet for the Altitude requiſite to make 
it fall e of an Inch; then by faying, As the W 


of —— is to 85, ſo is the Logarithm of -—— to the 
Elevation which will make it fall ; an Inch; and <j 


for any other. 
24. After this Manner, Fi Doctor has computed the 
following Tables, Se 


A TABLE 
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A TABLE ſhewing the Num- A TABLE ſhewing 
ber of Peet aſcending, re- 
* to make _ . 

| to any given Height 1 

the Tube, y 30 To 2 

| | Inches. As alſs the Numbe 

| of Feet deſcending, requir'd] 

to make the . riſe, 
| '- from 30 to 31 1 | 


a 0" TOS 


FIT F | 
YT SEE FS 
— i _ — 
1 9 834 79128 411395 32 
30 9 752 53128 3/1485 13 
30 70 o1128 211575 26 
30 7| 587 21028 111665 70 
30 6| 504 15/28 0/1756 47 
30 5| 420 82½7 911847 55 
30 4 337 21027 811938 97 
30 3| 253 32027 712030 72 
30 2 * 10/27 602122 80 
30 1] 84 72127 50/2215 21 
439 of oo 00j27 412307 95 
29 9]. 85 o 027 302401 02 
29 8 170 291/27 212494 44 
29 7 255 87127 102588 20 
29 ' 6| 341 7327 02682 33 
29 5 427 89026 902776 80 
29 4514 34/26 802871 62 
29 3 601 08026 712966 79 
129 20 688 11026 603062 32 
29 1775 44/26 563158 21 
29 of 863 08026 43254 46 


28 9 951 0126 3/3351 07 
28 8 1039 25/26 23448 05 
28 71127 80026 13545 41 
28 61216 66126 9 3043 14 
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a: blewn Bladder, and a others on * 


aucb, We. | 
af} By 


(LXXXVIIT) 1. Kh we may hers exhibit a plain 
and clear Idea of the Foree with which che Particles of 
Air repel one another, twill be nece o proceed in 
the following Manner. If in any Biene b, there 
are plated any Number of Particles at equal Intervals 
from one another ; and in any other equal Diſtance 
CD, there are placed twice as many Particles at equal 
Intervals alſo; ; *tis plain the Intervals between the Par- 
ticles in C D will be but half ſo as thoſe between 
the Particles in the Line A B. ence the Number of 
Particles in any equal Parts of A B, CD, will be in- 
verſely as their Diſtanees from each other. Or, if we 
put Na Number of Particles, and-I = to BY Inter- 


val between each; then will N be always as : T, for 


Lines, or linear Dimenſions. 
2. But for Super ficies, ſince they are as the * 


of their like Sides, we ſhall have N* 7 ; and i in like 


Manner, fince Solidt are as the Cubes of their like 
Sides, we ſhall have N. a3 7 But N* is as the Den- 


ſity of the Superficies ; and N? as the Denſity of the 
Solid ; e the Denſity D, of # Superficics of 


this Sort, is as x ; and of a Solid as = And to faci- 


litate the Idea, let A B C be a Superficies of ſuch Par- 


ticles, equal to a ſquare Inch; and DF a Solid of a 
cubic Inch, 


3- Next let it be ſuppoſed that each of theſe Par- 
ticles repels thoſe, and thoſe only, which are next to it; 
and let this repulſive Force (5 ) 

Power of the Interval I, between the Centres of two 
adjacent Particles; that is, let F be as 15 Hence tis 
manifeſt ſuch an Aſſemblage of Particles muſt conſti- 

'K 4 tute 


235 


Fig. 3. 


be inverſely as the n 
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8 Spring of the Air, i 


Wanken muſt be always different in diffe. 
rent Altitudes from the Earth's Surface; 
for the lower Parts, of: the Air, being pref. 
ſed by the ,Weight of the ſuperior. Parts, 


will be * mu ene une 


10 17 3 "oF other, 
tute an elaftic Fluid, or ſuch an one as, when compteſ, 
ſed, or ed upon by any external Agent, will, by 


5 of its innate repel ent Power, re- act or r rake 
Reſiſtance with an equal Degree of Force. 

4. Now the Force of the © fu rficial Parts is as the 
Denſity D, and the repellent — F W two 


Particles } conjointly, or as DXF ; but Dis as r To = 2 al 


ben eee D XP is _ — f 


which therefore will expreſs the elaſtic Force of the 
Fluid. Ko rag the — D of the Fluid in the cubic 


Inch is * en I' P is as 1, I* as B · and 1, 


— which ſubſtituted for I in the Expreſhon of the 


3 


elaſtic Nas Ty gives D — ; that is, the elaſtic 


or compreſſiye Force is as the Cube Root of that Power | 


of the Denſity, whoſe Index is n+2. 


5: Hence if E the elaſtic Force be as the Denſity D, 


in any Fluid ; then the general Expreſſion D * 


*.4.23 | 
becomes E =, whence in that Caſe == = r, and 


ſo n+2=3 and n=1. Conſequently, i in ſuch a Fluid 


F is as > or the Particles repel each other with Forces 


that are reciprocall proportional to the Diſtance f 
thejr Centres. Sue then is the Property of the — 
. whoſe 


"x. 03 


| 
) 
| 


"I" 
EE 


PXRUMMAMBICSS 


other, and the more ſo as the Weight of 
the incumbent Air is greater; and hence 
we ſee the Denfity of the Air is greateſt at 
the Earth's Surface, and decreaſes upwards 
in Geometrical Proportion to the Altitudes 
taken in arithmetical Progreſſian. Now it is 
found that the Air is four Times more rare 


| at 
Son A ka 
whoſe Denfity is always. proportional to the Forces 
which compreſſes it, which is alſo proved by the fol- 
lowing Experiment. | 
6. Let Mercury be poured into an inflected Tube 
ABCD, open it hoth Ends, to a ſmall Height as BC. 
Then ſtopping the Orifice D very cloſe with a Cork or 
otherwiſe, meaſure the Length of confined Air DC ver 
nicely, and pour Mercury into the other Leg AB, ti 
its Height above the Surface of that in CD be equal to 
the Height at which it ſtands in the Barometer. Then 
it is plain the Air in the ſhorter Leg will be compreſſed 
with a Force twice as great as at firſt when it poſſeſſed 
the whole Space CD ; for then it was compreſſed only 
with the Weight of the Atmoſphere; but now it 1s 
compreſs'd by that Weight, and the additional equal 
Weight of a Column of: Quickſilver. Let E be now 


the Surface of the Mercury in the Leg CD, and upon 


meaſuring D E, the Space into which the Air is now 
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compreſs'd, it will be found to be juſt half the former 


Space CD, that is, DE;: DC. 
7. Hence it appears that the Spaces S=DC, and 


DE, which a given Quantity of Air poſſeſſes, under 


different Preſſures p and P, are as thoſe Preſſures reci- 
procally; that is, 8: 5 :: P: p. And becauſe the Denſities 
4, D, where the Quantity of Matter is given. (Au. L VI. 
9.) are reciprocally as the Magnitudes of Bodies, viz. 
d: D:: 5: S; therefore the Denſities of the Air are as 


the compreſſing Forces directly, viz. d: D:: p: P. 


This Property of the Air is the Principle to which we 


owe the Invention and Contrivance of ſeveral very uſe- 
ful 
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at the Height of ſeven Miles than at the 


Earth's Surface; and therefore at the Al. 
titudes of 7, 14. 21, 28. 35. 42. 49. C. 
the Rarity of the Air will be 4. 16, 64. 
256. 1204. 4096. 16384. G. 


IF the Air were of an equal Denſity 


throughout, the Height of the Atmoſphere 
might 
ful Inſtruments and Machines, ſome of which L will 
exhibit here, and others in the Sequel of this Work, 
8. We have ſhewn in the laſt Annotation that the 
Preſſure of the Air, in its State of Mean Gravity, will 
ſupport a Column of Quickſilver to the Altitude of 2g; 
Inches; and (in Aunt. LXIII.) it was ſhewn that the 
ſpecific Gravity of Mercury was to that of Water, 28 
14 to 1 nearly; therefore the ſaid Mean Prefiure of 
Air will ſuſtain a Column of Water to the Height of 
14X29,5=413 Inches = 34 Feet 5 Inches. But ſince 
Mercury is not quite 14 I imes as heavy as Water, we 
may take 400 Inches for the Meaſure of the Mean Gra- 
vity of the Air on Water and 29,5 for Mercury ; and then 
we ſhall have DC: DE :Þ : 29,5 in Mercury; or 
DC: DE:: P: 400, in Water; conſequently 400 DC 
=DEXP. | | 
9. Again, let the Standard Altitude of Mercury or 
Water be H=29,5 or 400, and let the Altitude FG= 
5; then will P=H+h, and then the above Equation 
will give this Analogy: As 8: :: Hh: H, whenee 
S:S—s::H:hor DE:EC::H:h; conſequently, 
by having DE or CE given, you know the Altitu 
þ=F G. Thus for Example: Let DC=10 Inches, 
it is required to find what Altitude of Water F G will 
by its Preſſure raiſe the Surface at C one Inch? Here CE 
=I, DE=9, and H=4oo : Then DE: CE :: Hb, 
that is, 9: I :: 400: 4444; or F G=44z Inches neat- 
Jy, or 3 Feet 8; Inches. Thus again, Query the Al- 


titude F G that ſhall raiſe the Surface C 9g Inches, ot 75 


of the Whole? Say, As 1 : 9 :: 400: 3boo=F G, of 
goo Feet. Thus the Altitudes are found for every 
tenth Part of the whole Space DC, as in the following 
Table. 


3 | Fett, | 
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might be derermined 5 for by Experiment 
we find the Length of a Column of Air 72 
Feet high is equal in Weight to oe Tech of 
Water of the fame Baſe: Hence the Den- 
ſity of Air is to that of Water as 1 10/864, 
It is alſo found by Experiment, that the 
Weight of a Column of Air the Height of 
the Atmoſphere will be equal to the Weight 


lat LI 
Feet. Inches. FCieet. Inc "TH 
1 8 6 — 5 0 
2 — nA 
4— 22 1 292 8354 
ee, ee 9— W 


10. Hence is deduced the Nature and Structure of 
the SxA-G AGE, invented by Dr. Hales, and Dr. Deſa- 
guliers; whoſe Deſcription thereof T ſhall here give. AB 
is the Gage-Bottle, in which is cemented the Gage- 
Tube Ff in the Braſs Cap at G. The uppet End of 
the Tube F is hermetically ſealed or cloſed ; the open 
lower End f' is immerſed in Mercury C, on which 
ſwims a ſmall Thickneſs or Surface of Treacle, On 
the Top of the Bottle is ſcrew'd on a Tube of Braſs 
HG, pierc'd with ſeveral 'Holes to admit the Water 
into the Bottle A B. The Body K is a Weight hang- 
ing by its Shank L, in a Socket N, with a Notch on 
one Side at , in which is forced the Catch / of the 
Spring 8, and paſſing thro' the Hole L in the Shank of 
the Weight K, prevents its falling out when onee _ 
on. On the Top, in the upper Part of the Braſs 
Tube at H, is fix'd a large empty Ball, or full-blown 
Bladder F, which muſt not be ſo large, but that the 
Weight K may be able to fink the Whole under 

Water, | N 
11. The Inſtrument thus conſtructed, is uſed in the 
following Manner. The Weight K being hung on, 
1 the 
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of a Column of Water of the ſame Baſe, 
and 32 Feet, or 384 Inches high: Where. 
fore 864 multiplied by 384 will produce 


3317/6 Inches, or à little above 5 Miles, 


for the Height of the Atmoſphere, were 
the Denſity every where the ſame as at the 
Bor 


the Gage is let fall into deep Water, and ſinks to the 
Bottom; the Socket N is ſomewhat longer than the 
Shank L, and therefore, after the Weight K comes to 
the Bottom, the Gage will continue to deſcend, till 
the lower Part of the et ſtrikes againſt the Weight 
this gives Liberty to the Catch to fly out of the Hole L, 
and let go the Weight K; when this is done, the Ball 
or Bladder 1, inſtantly buoys up the Gage to the Top 
of the Water. 

12. While the Gage is under Water, the Water 
having free Acceſs to the Treacle and Mercury in the 
Bottle, will by its Preſſure force it up into the Tube Ff, 
and the Height to which it has been forced by the great- 
eſt Preſſure, viz. that at the Bottom, will be 
the Mark in the Tube which the Treacle leaves behi 
it, and which is the only Uſe of the Treacle. This 
ſhews into what Space the whole Air in the Tube Ff 
is compreſs'd ; and conſequently, by the Rule (in Art. 
9) the Height or Depth of the Water, which by its 
Weight produced that Compreſſion, which is the 
Thing required. 

13. If the Gage-Tube Ff be of Glaſs, a Scale 
might be drawn on it with a Point of a Diamond, ſhew- 
ing, by Inſpection, what Height the Water ſtands 
above the Bottom, which Scale is made from the Num- 
bers in the foregoing Table, where the Diviſion may 
be made for Hundredth Parts, as well as Tenths. But 
the Length of 10 Inches is not ſufficient for fathoming 
Depths at Sea, ſince it appears by the Table, that 
when all the Air in ſuch a Length of Tube is S 
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Br ſince the Denſity of the Air de- 


creaſes with the Preſſure,” it will be more 
rarefied and expanded the higher we go; 


and by this means the Altitude of the At- 
1 moſphere 


ed into half an Inch, the Depth of Water is not more 


than 634 Feet, which is not half a Quarter of a Mile. 


14. If to remedy this we make Uſe of a Tube 50 
Inches long, which for Strength may be a Muſket-Bar- 
rel, and ſuppoſe the Air compreſſed into an 1oodth 
Part, or; an Inch; then by ſaying, As I : 99 :: 400 
39600 Inches, 3 Feet; even this is but little 
more than half a Mile, or 2640 Feet. But ſince tis 
reaſonable to ſuppoſe the Cavities of the Sea bear ſome 
Proportion to the mountainous Parts of Land, ſome of 
which are more than three Miles above the Earth's Sur- 
face; therefore to explore ſuch great Depths, the Doc- 
tor contrived a new Form for his Sea-Gage, or rather 
for the Gage- Tube in it, as follows. BC DF is a 
hollow metalline Globe, communicating on the Top 
with along Tube A B, whoſe Capacity is:; Part of that 
of the Globe. On the lower Part, at D, it has alſo a 
ſhort Tube DE, to ſtand in the Mercury and Treacle, 
The Air contain'd in this compound Gage-Tube is 
compreſs'd by the Water, as before; but the Degree of 
Compreſſion, or Height to which the Treacle has been 
forced, cannot here be ſeen through the Tube: There- 
fore to anſwer that End, a lender Rod af Metal or 
Wood, with a Knob on the Top, muſt be thruſt up 


to the Top of the Tube A B, which will receive the 


Mark of the Treacle, and ſhew it when taken out. 
15. If the Tube A B be 50 Inches long, and of ſuch 
a Bore as that every Inch in Length ſhould be a cubic 
Inch of Air, and the Contents of the Globe and Tube 
together 500 Cubic Inches; then, when the Air is 
compreſs'd within 100dth Part of the Whole, it is 

evident the Treacle will not approach nearer than 
Inches of the Top of the Tube, which will agree to 
the Depth of 3300 Feet of Water, as above. Trice 
this Depth will compreſs the Air into half that Space 
nearly, 
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moſphere becomes indefinite, and termi. 
nates in pure Ather. But though we can 
not aſſign the real Altitude of the Atmoſ- 
phere, it is certain from Obſervations and 

| Expe- 


nearly, viz. 21 Inches, which correſponds to 6609 
Feet, which is a Mile and a Quarter. Again, half 
that Space, or 14 Inch, will ſhew double the farmer 
Depth, viz. 13200 Feet, or two Miles and a half; 
which is probably very nearly the greateſt Depth of the 
Sea. Y 
16. A Gage of this Kind may be of very great Uſe 
in many other Cafes. Thus the prodigious Force of 
Compreſſion ariſing from Freezing may be acc 
tiicd : Let a Bomb of caſt Iron ſix or eight Inches Dia- 
meter, and about one Inch thick, be fhiPd with Water; 
then if a ſmall Gage of this Sort be made and fix'd to 
a Stick, which is to be ſet upright in the Middle of the 
Bomb, ſo that the Gage-Bottle may be in the central 
Part; and if then tne Hole of the Bomb be faſt ſcrew'd 
up, the Bomb covered over with a freezing Mixtur: 
(which is made of equal Quantities of Salt and Snow, 
or pounded Ice) in a little Time the Water will begin 
to freeze all round the Inſide of the Bomb, and _ 
Expanſion will produce a greater Force upon the Wa- 
ter, and a greater Degree of Compreſſion of the Ait 
of courſe, than by any other Means yet known: And 
this may be continued till it ſhall burſt the Bomb, when 
the Gage taken out of the globular Shell of Ice on the 
Water will be frozen only on the Outſide) will thew 
the exact Quantity of this Force of Compreſſion. 
17. Doctor Hales (the Author of this Contrivance) 
actually made the Experiment, but not having well & 
cured the Gage, it was broken to Pieces ; but from 
computing the Force . to burſt an Iron Bomb 
an Inch thick, it appeared that this Force was about 
equal to 1340 Atmoſpheres, or the Preſſure of 1349 
times the Weight of 33 Feet of Water. But this 
Computation was made upon Suppoſition that the Co- 


heſion of caſt Iron is the ſame with that of mths. 
ut 
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Experiment, that 45 or 50 Miles ie the 
utmoſt Height where the Den/ity is ſufficient. 
ty refrat 4 Ray f Light; and therefore 


that may be eſteemed the Altitude of che 


Air to the leaſt ſenſible Degree of Denſity, 


(XXXIX). 8 „ 

ä iT: ho SINCE 
but as it muſt be conſiderably leſs; ſo the Number 1340 
may be diminiſhed to 000 and then the Air muſt be 
compreſs'd into 1000 times Jeſs Space than it had in 
its natural State, and mult in that Caſe have been more 
denſe than Water: For its Denſity then to that of 
common Air was as 1000 to 1; whereas the Denſity of 
Water and Air are but as 860 to 1. 

18. After the ſame Manner may be.tried the Force 
with which dried Peas, Beans, &c. expand with Moi- 
ſture, when confined in a Bomb; for it muſt be a very 
ſtrong Veſſel indeed, ſince it has been found by Expe- 
riment they will burſt a Gun-Barrel in ſwelling. In 
lice Manner alſo the elaſtic Force of factitious Air ge- 
nerated from Bodies by Fermentation may be eſtimated 
in a very nice and entertaining Manner : With many 
other Things of this Sort, which the ingenious Reader 
will readily excogitate of himſelf. | 

(LXXXIX) 1. The Denſity of the Air on one 
Hand, and the Rarity on the other, are both limited: 
No Condenſation can reach ſo far as to cauſe a/Penetra- 
tion of Parts ; the umoſt Limit, therefore, of Denſity, 
muſt be a perfect Plenum, or a given Quantity of Air 
reduced into a Space abſolutely full, or without any 
Pore; which is a Degree of Denſity that has not been, 
4 probably never will be, in the Power of Art to 
effect. 

2. On the other Hand, the Rarity of the Air cannot 
proceed ad inſinitum, but has its Limit from its Gravity: 
For though the Rarefaction of the Air be ſtill greater as 
the Diſtance from the Surface of the Earth increaſeth, 
its Spring at length will be ſo weaken'd, that the Force 


by which the Particles tend upwards from thoſe next 


below 
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- SLNCE the Gravity of the Air is ſo u. 
rious, that at one time it will ſuſtain a Pil. 
lar of Mercury 31 Inches high, when at 
another it will raiſe it but to the Height of 
X 28 Inches, 


below them, will be leſs than the Force of Gravity by 


which they tend downwards. The Rarefaction of the 


Air muſt therefore be bounded, where theſe two oppo- 
fite Forces come to balance each other. 

3. Now though we cannot poſſibly define the Limits 
of the Atmoſphere, yet we may {till inveſtigate how 
much the Air is rarefied at any propoſed Altitude aboje 
the Earth's Surface : For doing which, ſeveral Methods 
have been propoſed ; ſome of which are very tedious, 
and difficult to be underſtood. I ſhall here illuſtrate Sir 
Iſaac's Theorem for that Purpoſe, which is very conciſe 
and plain. It requires only two different Denſities of the 
Air, at two given Altitudes above the Earth's Surface, 
to be known, and which we eaſily obtain by Experi- 
ment as follows. | 

4. Take a Vial AE F B, fill'd two Thirds full of 
Water to CD; in which let a long Tube I G (open 
at both Ends) be immerſed, and cloſely cemented to 
the Vial at AB, fo that none of the included Air may 
eſcape, This done, blow a little Air through the 
Tube into the Vial, which increaſing the Spring of the 
contained Air, will cauſe it to raiſe and ſupport a Co- 
lumn of Water in the Tube, to ſuch a Height H, thatits 
Weight, together with that of a Column of Air preſſing 
on its Surface H, is equivalent to the increaſed Spring 
of the confined Air. 

5. The Vial and Tube thus prepared are to by car- 
ried up to the Top of a Tawer, Mountain, or ſome hi 
Place; and in the Aſcent, ſince the Column of A 
preſſing on the Water at H is conſtantly ſhortened, io 
its Force of Preſſure will be diminiſhed, The Spring 
of the Air in the Vial will therefore keep the Column 
of Water conſtantly riſing in the Tube; ſo that when 
you have aſcended the Height of about 72 Feet, the 
Water in the Tube will have rifen from H to L, _ 
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23 Inches, in che Barometer ; it follows, ; 
that we may take 29 4 Inches of Mercury 


for the mean Altitude, and conſequently its 
Weight for | the mean Weight of a Pillar of 
8 328 Nine 2 v, Air 


the Space of one Inch; and ſo in Proportion for any 


other Altitude, as I have ſeveral Times found by try ö 


ing the Experiment. 


9 = 


ö. From hence it appears, that the Altitude of one 


Inch of Water is equivalent to the Altitude of 72 Feet, 
or 864 Inches of Air; and therefore the. ſpecific Gra- 
vity of Air is to that of Water as 1 to 864, or, as Sir 
Tſaac has ſtated it, 860, Now ſince the ſpecific: Gra- 
vity of Water is to that of Mercury as 1 to 14, there- 
fore the ſpecific Gravity of Air to that of Mercury will 
be as 1 to 860X 14=12040; and ſince the Height of Mer- 
cury ſupported by the Air in the Barometer is 2,5 Fett 
if we ſay, As 1 : 12040 :: 2,5: 2,5X12040=30100 
Feet, which would be the Height of the Air were it 
every where as denſe as at the Earth, or about 51 Miles. 

7. But ſince the Air is not uniformly denſe, we muſt 
ſeck its Height by another Method to be taught by and 
by. In the mean time, a the Air's Denſity conſtantly 


decreaſes, we ſhall ſhew how to find the Ratio of its 


Denſity at any Altitude to that at the Earth's Surface. 
Thus, fince the Denſities are as the compreſſing Force, 
which is as the Altitude of the incumbent Column of 
Air, and ſince the Weight of Mercury is to Water as 
I to 14, it is plain that the Air which ſupports a Co- 
lumn of Mercury 2,33 Feet, will ſuſtain a Column of 
Water to the Height of 33 Feet. The Denſity on the 
Earth's Surface then is as 33. | "$ 
8. Again; it is evident, ſince 860 Feet Altitude of 
Air is equal in Weight to 1 of Water, therefore at the 
Height of 860 Feet above the Earth, the Air (conti- 
nuing in the ſame State) would ſuſtain only 32 Feet of 
Water. At the Height therefore of 860 Feet, the Den- 
ſity of the Air is as 32. ä WE 17 
9. Hence the Denſity at any other Altitude is eaſil 
found by the Hyperbola Fa i h, and its Aſymptotes SF 
and St, § being the Centre of the Earth, and A its Sur, 


face: Then the Earth's Semidiameter SA = 4000 


Vor, II, , A . Miles 


I45 


746 


Plate 
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Air of the ſame Baſe. But a Column dt 


Miles nearly, or 21120000 Feet. Take A B = $60 


the Area thiu:thkw:: L. 2 L. 2 But (by 
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Mercury whoſe Baſe is one Square Inch, and 
Altitude 29%, weighs about 15 U. which i 
equal to the Preſſure of Air on every 
Square Inch; and therefore upon every | 

| Square 


Feet, and let the Denſity of the Air be required for any 
other Height, as AC = 7 Miles, or 36960 Feet. In 
the Points, A, B, C, erect the Perpendiculars AH, 
B I, CK, which let be made proportional to the Den- 
ſities of the Air in the Points A, B, C; that is, let 
AH: BI:: 33: 32, and AH: CK :: 33: xy and 
from the Points H, I, let fall the Perpendicutars Ht, lu. 
ro. Then putting SA=Aa=r, SB=a, SC=6, and 
SB: SA: : Aa : Bb = ＋ thus Ce ==; then Aa= 
BB == and 4. LS, And put m: 
» 33 32::AH : BI. Then by the Nature of the 
Hyperbola, we have the Area thia as the i 


N | ; f 
of z—, and the Area # þ 4 u as the Logarithm of g—; at 


Coroll. to Prop. XXII. Lib. 2. of the Principia) it i, 
thiu:thkw:: Aa —Bb: Aa—Cc: 


id ROS Hh | 
11. Now, becauſe a—r = AB = 860, and b—r= 


= 8. 
AC = 36960, we have 177858 Son 


L. — L. — : whence we have L.— = ©4,573190j 


therefore L.m — L.x = 0,573190 ; whence L.m— 
0,573190 = L.x = 0,945324, the Number anſwering 
to which is 8,817 = x = CK, the Denſity, required. 
Or, the Denſity at A is to the Denſity at C as AHt 
CK, or as 33 to 8,817, which is nearly as 4 to 1. 
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Square Foot it will be 21604b.; and al- 
lowing 144+ Square Feet for the Sur- 
face of the Body of a middle-ſized Man, it 
muſt ſuſtain a Preſſure of 31320 Pounds, 

| 2 


12. From the Nature of the Hyperbola it is plain, 

the Denſities m, n, *, muſt be in a geometric Pro- 
reſſon. But to ſhew theſe Things more generally: 
1 SC = be a variable Diſtance, and its Fluxion 
CE ; let the Denſity CK , the compreſſing 
Force in the Altitude C as v, and the Power of Gra- 
vity as g. Then will the ſpecific Gravity of the Air 
be there as gy; for it will be as the Denſity y when 
the Gravity g is given, and as the Gravity when the 
Denſity is given; and when neither is given, it will be 
conjointly as both. 

13. Since the whole Weight or Preſſure of a Column 
of any homogeneous Fluid, of a uniform Denſity, is as 
ts ipecihc Gravity multiplied by its Magnitude, 22 
not. LVI. 10.) and if the Baſe be the ſame as the ſaid 
Gravity multiplied by the Altitude, and therefore its 
Fluxion as the ſpecific Gravity multiplied by the Fluxion 
of the Altitude; therefore we have gy x -, be- 
cauſe the Denſity of the Air thro? the very ſmall Space 
CE may be look'd upon as uniform; and fince the Preſ- 
ſure decreaſes as the Altitude » increaſes, therefore it is 
that we make the Fluxion of it negative, viz. — v. 


14. If the Gravity g be as = and the Denſity yas 


any Power x of the compreſſing Force v, viz. if y: , 
and therefore : - „by taking the Fluxions we have 


1— 


1 n 7 
7 3=%4, In the Place of g and © in the Equa- 


tion gyx d, let their Values be ſubſtituted, and we 
I— Io 44 1 
W 32 . 
1 ** 


15. If we put nr, that is, if the Denſity be as tho 


— 


_ compreſſing Force, we have 7 — 73 Now, ſince. 
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ok 14 Tons, When the Air is of 2 mein 

N This prodigious Force: Would 
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— 0 188 1 
any Opantitics *, x+s, 1423, x+3a, in arithmeti- 
Ta "Progreſſion, have all their Fluxions que, = the 


Jams, viz. 4; therefore if any Quantities e 


8 
ken in een a raschen, their F tuxions — . 


or C1 will be all the ſame vr conſtant 3 therefore 


: V7 LITE 
7 == = =1 3 conſequently 9, that is, cee 


ions of the Denſities are as the Denſities themſelves; 
which therefore are in Geometrical Progreſſion, as is 
manifeſt from the Doctrine of Fluxions. 

16.” If in the ſame Hypotheſis you put m1, or ſup- 
poſe the Gravity to be every where uniform, or given; 


then == If now we take — — conſtant, or make ; 

, then will the Diſtances x be in n Geometrical Progrel- 
fion; and in that Caſe allo we have 2 = = 1, or 5: 
whence alſo the Denſities y are in a Geometrical Progreflion, 


2 


17. The Fluent of the above Equation — 1 
n 


1—7 
— 1 — 1 — | , " 
ies in Ladd ed =—_— x1 Q, a conſtant Quan- 
n is I—x y Mo * 5 
uy: Here, *tis plain, i cannot be = = 9, for then 


5 = Infinite; nor can m=1, becauſe then it woul 

be Kurer, and ſo the *. y would be ever 

where the ſame, or conſtant; neither can # = 1, for 
— W.- 

then * = y" e. To determine the Value of Q 

we muſt firſt define the Altitude SF, where the Denlity 

vaniſhes, or y, and call it a=SF ; then we have * 


— 1 
. , and hence 
1 —1 1 + 
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cruſh us into a very ſmall Compaſs, were it 

not that it is equal on every Part, and coun- 

terbalanced 

. * * , . . 

- _ 5 ought to be a poſitive Number, 

and leſs than Unity, that while the Diſtances x increaſe, 
the Denſities y may decreaſe, 


18. If the Altitude at which the Denſity y vaniſhes 
be ſuppoſed infinite, then Q_= e, and the Equation is 
I—! ; | : 


where *tis plain 


— = 1 


go" 


. * 1 . For if in the Equation / Art. 
| ao 2— ĩ41— 
17.) z=0, and æ Infinite, then —— 


=0:; 
m—1 = 


arm „1 PR E 
i and ſo a=x=Infinite, con- 


therefore 


—1 

trary to Suppoſition. | 
19. If now the Gravity be reciprocally as the Squares 
of the Diſtance, or m = 2, we have the Equation 


J-—7 1—#. 
1 N I 


% 


| n | 
whence y will be reciprocally as x*—1, which is a general 
Formula for any Hypotheſis of the Ratio of the com- 
prefling Power and Denſity. Thus, if you ſuppoſe the 
compreſſing Force in the duplicate Ratio of the Den- 
lity, that is, y* : v; then y, and =, and there- 
fore — = i, whence y will be reciprocally as x. 
Hence all thoſe Caſes of Scholium to Prop. XXII. Lib. P. 
of the Principia are derived, and any others at Pleaſure. 


20. The Denfity of the Air decreaſing indefinitely, 


it is evident there is no certain Limit or Boundary of the 
Atmoſphere, which gradually rarefies into pure Ather, 
or Aura, as it is often, called. But fince one principal 
Effect of the Air is the Refraction of Light, and ſince 
the Particles of Light-are the ſmalleſt Bodies we know 
of in Nature, *tis reaſonable there to fix the Boundary 
ot what we may properly * Air, in the Altitude where 
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Plate 
XXIX. 
Fig. 2. 


Spring of the Air within us (XC). 


H, the Angle A CB muſt be diminiſhed by the horizon- 


PNEUMAT ISG. 
terbalanced by the equal Re-action of the 


Tur 
it begins to have the Power of producing this leaſt Ef. 
fect in Nature, viz. the refracting a Ray of Light, 
21. To diſcover this Altitude of the Air, we have 
the following Method, Let ADF be the Surface of the 
Earth, S the Sun below the Horizon, S B a Ray of 
Light touching the Earth; which is reflected by a Pars 
= of Air, in the higheſt Part at B, in the horizon- 
tal Line BA to a Spectator at A. The Angle 8 BN 
is the Depreſſion of the Sun below the Horizon in this 
Caſe, which, becauſe it is at the Moment Twili 
ends, is known from Obſervation to be about 18 
grees. But becauſe BA is alſo a Tangent, the Angle 
ACD = SBN = 18 Degrees; and the Angle ACR 
= + ACD= 9 Degrees; which would be true, did the 
Ray SB paſs through the Atmoſphere without Refraction, 
but becauſe it does not, but is refracted or bent towards 


tal Refraction, which is about half a Degree; whence 
the Angle ACB = 8% 30“. | | 

22. Therefore in the right-angled Triangle ACR 
we have all the Angles given, and one Side, (viz. AC 
= 4000 Miles, or the Semidiameter of the Earth) to 


find the Side BC, thus, 


As the Sine ABC = 8:® 30' = q.99520 
Is to the Side AC = 4 — = bf 6oer 
So is Radius 900 = 10.000000 - 


To the Side BC = 4044} = 3.606857 
wherefore BC-HC=HB=44; Miles, the Height of 
the Atmoſphere required. 

(XC) 1. Since a cubic Inch of Mercury weighs 
nicely 8,1 . Averdupots, a Pillar of Mercury, w 
Baſe is one ſquare Inch, and 


lb. ox. 
28 7 | 14 3 

Altitude y 294 Inches, will weighy 14 1 fere. 
31 | 15 11 


2. So that the Air, at a mean Gravity, is equivalent 
to the Preſſure of 15 . upon every ſquare Inch; and 
therefore 


* 


= 8 à 
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Tux Weight of the Air is proved by a 
great Variety of curious Experiments, the 


principal of which here follow. 
(1.) By 


therefore upon every ſquare Foot it will be equal to 2160 
1b. and 2160 X 14,5 = 31320 lh. or 14 Tons nearly, 
the Weight or Preſſure ſuſtain'd by a middle-fiz*d Man. 
When the Air is lighteſt, this Preſſure is 13+ Tons; 
and when heavieſt, it is 145 Tons, the Difference is 
1,1 Ton, = 2464 /b. the Weight with which we are 


compreſs'd more at one Time than another. 


This great Difference of Preſſure muſt greatly af- 
fed us in regard to the animal Functions, and conſe- 
uently in reſpe& to our Health. If a Perſon, for In- 
ce, be aſthmatical, he will find his Diſorder in- 
creaſe with the Levity of the Air; for ſince a pure, 
denſe, elaſtic Air, which is very heavy, is only capable 
to diſtend his Lungs in Reſpiration, when the Air is 
leſs compreſs'd by its diminiſh'd Weight, it will have 
leſs Elaſticity, and ſo be leſs capable of expanding the 
Lungs; the Valetudinarian will therefore find his Dif- 
ficulty of Breathing increaſe in Proportion. | 

4. Again, the Reaſan why we think the Air lighteſt 
in fine Weather, when it is really heavieſt, is becauſe 
the greateſt Preſſure conſtringes and braces the Fibres 
and Nerves, and brings them to a due Tone, by which 
Means all the Blood- Veſſels act with their full Power 
and natural Vigour ; hence a proper Velocity is given 
to the Fluids, and a greater Momentum to overcome 
Obſtructions in the Capillaries; thus by a briſk Circu- 
lation of the Fluids, and a due Compreſſion of the So- 
lids, we find ourſelves firm and well, alert and light, and 
therefore fancy the Air is ſo. 

5. Whereas, on the contrary, when this Preſſure is 
leflen'd by near 2500 Ib. the Fibres are relax'd, the 
contractile Force of the Veſſels diminiſhed, a languid 
Circulation enſues, Obſtructions, Vi iſcidities, &c. hap- 
pen, and produce Agues, Fevers, Aches, Cc. in ſome; 
and in all, a Sort of Indolence or gloomy InaQtivity, and 
Heavineſs; and therefore we imagine that it reſults 
from the Heavineſs of the Air, when it isjuſt the contrary. 

b. If it be required to find the Weight of the whole At- 

L 4 moſphere 
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(I.) By actually weighing it in 4 m 


- Balance; where we ſhall ſee that one Gallm 


of Air will weigh a Dram very | nearly. 


(2.) By filling a Glaſs Tube with Mercury, 


and inverting it in a Baſon of the ſame 
Fluid, where it will appear that a Column 
will be ſupported in the Tube by the fole 
Weight or Preſſure of the Air, to upwards 
the Height of 28 Inches. (3.). By taking 
the Air off from the Surface of the Quick- 
ſilver in the Gage of the Air-Pump, which 
then immediately riſes by the / Preſſure. of 
the external Air. (4.) By exhauſting a 

i Receiver 
moſphere on the Earth's Surface, we may proceed thus ; 
Suppoſe the Earth's Diameter in round Numbers 8000 
Miles, the Area of a great Circle will be 8000 X 8000 


N 0,7854 = 50266400 ſquare Miles, which multiplied 
by 4, gives 201065600 ſquare Miles for the Surface of 


the Earth; but becauſe we took the Diameter a little 


too large, we may take 200, ooo, ooo for the Number 
of ſquare Miles in the Earth's Surface; in one ſquare 
Mile are (5280 & 5280=) 27878400 ſquare Feet, there- 
fore on the Earth's Surface we have 557 5680000000000 
ſquare Feet, which multiplied by 2160 (the Preſſure on 
each ſquare Foot, Art. 2.) gives 1204 3468800000000000 
lb. for the whole Preſſure. - N. B. Since 2240 lb. make 
a Ton, the Preſſure 2160 lb. upon a ſquare Foot, is very 
near a Ton Weight, | 

7. I ſhall now preſent the Reader with a Solution of 
a very curious Problem, viz. To find the Thickneſs FR 
of an hollow Ball or Globe FD ME, made of any given 


Metal, &c. whoſe ſpecific Gravity is known, ſuch that it 


ſhall fwim emmierjed in Part or wholly in any homogeneous 


Fluid, wheſe ſpecific Gravity is alſo known. Let AB be 


the Surface of the Fluid, and let the Globe FD E ſwim 
therein, immerſed to the Depth LM, and let the ſpecific 


Gravity of the Metal be to thatof the Liquor as 1 to 12. 


= 1 as fr ou! 


ö 


rien re e «© 
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Receiver placed over the Hole af the Braſs 


Plate on the Pump, which will then be 
kept faſt on by the Preſſure of the incum- 
bent Air. Or, (5.) More demonſtratively 
by exhauſting a ſmall Receiver under one 


larger, and letting in the Air at once 
upon it; which will then be faſten'd to 


the Plate as before, though not placed over 


the Hole. (6.) By placing the Hand on- 
the open Receiver, and exhauſting, the 
Weight of the Air on the Hand will be ex- 
tremely ſenſible. (7.) By placing a plain 
Piece of Glaſs on the ſaid open Receiver, 
which, when the Air 1s a little exhauſted, 

will 


8. Then putting the Diameter FM =D, HN =4, 
LM x; we have the ſpherical Shell equal to the Sphere 


FDE — Sphere HIK, that is, ts = alſo the 

Df. 
25 3D* 

Caſe of an Equilibrium between theſe Quantities, we have 


h 55 1: 1. Whence we ſhall 


Segment of the Liquor DME, is and, ig 


get D'—d'D=3Dx*n—2nx"; _ _ DD 


T2 =d4'D; or D* — 3x "n+ 2 


x3 
= di; whence 


2nx 


at laſt d JD 3x —＋. Therefore = = 


the Thickneſs of the Shell required. 


9. If we ſuppoſe the Body to dim i in the Fluid 


wholly immerſed, then x = D, and 4 = D X1—n 


DVI. Now admit FDE be a Sphere of Copper 
10 Feet in Diameter, and that the Fluid Medium be 


Air, whoſe ſpecific Weight to that of 9 is as 4 — 
0 
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will be broke into Pieces by the Weight of 
the Air. (8.) A Bladder tied over the 
ſame Glaſs will be broke in the fame Man- 
ner. (q.) the Air exhauſted from à thin 
Bottle under a Receiver, and then ſuddenly 
let in, will, by its Weight, inſtantly reduce 
it to very ſmall Pieces, (10.) A Bottle broke 
by the ſame means another Way. (If.) By 
putting a Piece of Wood under Quickſilver 
in the Receiver, and then exhauſting the 
Air, and letting it in again, it will by its 
Weight force the Quickſilver into the Pores 
of the Wood, and very ſenſibly increaſe its 
Weight. (12.) The exhauſted Braſs Hemi- 
ſpheres prove not only the prodigious 
Weight of the Air, but. alſo the Quantity 
thereof very exactly. (13.) By exhauſting 
Glaſs Bubbles ſwimming in Water, and let- 
ing the Air in again, it will force the Water 


into the Bubbles, and make them ſink. 


(14.) The 
| I | 
860X9=7640; hence n — 7 and therefore 1— 
i= Yn nc = 7039, and becauſe D = 10 Feet, or 120 
7640 7640 


7 6 / 

Inches, therefore 120 VI = 4 = 119,992 ; and ſo 

D—gd 
2 


= 0,004 = FH, the Thickneſs of the Metal re- 


quiſite for the Globe to ſwim in Air. 

10. But in order to this, one Thing more is neceſ- 
ns viz, that the Concavity of the Globe be a pure Void 
er Vacuum: for if it be filled with Air only, t hay” 
5 WI 
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Syringes in general (X CI). 
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(14.) The Syringe with its Wei ght deſcend 


ing in Vacuo, and aſcending again upon the 


Admiſſion of Air, does very prettily prove 
the Preſſure of the Air, and the Rationale of 


THAT 


will ſink in the Air, be it ever ſo thin; becauſe in that 
Caſe it muſt he heavier than an equal Bulk or Globe of 
Air, Hence we ſee how impoſſible a Thing is that 
Aerial Navigation, which Franciſcus de Lanis and other 
Miracle-Mongers have amuſed us with, before true 
Philoſophy appeared to deliver us from thoſe vain Spe- 
culations, and fruitleſs Attempts that may be grounded 
thereon. | 

(XCI) 1. I ſhall here give the Rationale of the ſeve- 
ral Phenomena of the Experiments on the Air-Pump, as 
they are ſhewn in the Order of my Lectures on this 
Subject. The firſt of which is, e ſhew the abſolute 
Weight of the Air by weighing it in a Balance ; of which 
we have already given an Account in Aunotation 
LXXXVII, 2. | 

EXPERIMENT II. 

2. The Second is, fixing @ ſmall Receiver on the Plate 
te + Air-pump, by exhauſting the Air out of it. The 

eaſon of which is, that the Preſſure of the Air acts 
now alone on the Outſide of the Glaſs, and perpendi- 
cularly on its Top, and preſſes it down with a Force 
equal to ſo many Times 15 1b. as there are ſquare In- 
ches in the Top of the Glaſs, or in the largeſt horizon- 


tal Section of it. The Spring of the Air, (which is always - 
equipollent to the Preſſure) being now taken away from 


within the ſaid Receiver, will leave it to ſuſtain the 
entire Force of Preſſure, which will therefore fix it faſt 
down to the Plate. 
EXPERIMENT III. | 
3- The Third Experiment fixes the Glaſs firmly on the 
Plate, not, as before, over the Hole, but on one Side of it. 
This is to undeceive People in regard to the common 
erroneous Notion of a Suction, which they ſuppoſe is 
ſomething within- ſide of the Glaſs that draws it down 
as the Air paſſes out though the Hole. But when or 
oe 
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into the Leather upon the Plate; I ſay, 


1s _ by exhauſting the Air 
the 
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THAT Water riſes, in Pumps, Syphong, 
and all Kinds of Water Engines, by the 


Pre 


ſee the Glaſs placed on one Side the Hole under a Re- 
ceiver, and that as the Air is drawn out of the Recei- 
ver it will by its Spring all eſcape from under the Glaſs 
at the ſame time, and then when the Air is let into the 
Receiver all at once, it falls on the little Glaſs, and fixes 
it down in ſuch Manner that it is plainly ſeen to fink 
1 all this is 
ſeen and conſidered, it entirely eradicates that vulgar 
Error, and ſets the Truth in a clear Light. | 
| EXPERIMENT TV. | 
4. The Fourth Experiment 1 a Perſon's Hand im 
the Top of an open Receiver. This is done by the Preſ. 
ſure of the Air on the Top or Back of the Hand, when 
the Spring of the Air is wanting within the Receiver to 
counter- act it. This great Preſſure is very ſenſible to 
the Hand, though not hurtful ; and the Skin and Fleſh 
is viſibly preſſed down between the Metacarpal Bones. 
The Spring of the Air in the Hand at the ſame time 
exerts "tlel?, by extending the Skin and Fleſh of the 
Part of the Hand on the Glaſs as far down as poſſible, 
by which means the Blood flows thither in great Quan- 


_ tity, as in Cupping, and makes the Part look vey red, 
quare 


If the Area of the Top of the Receiver be 4 

Inches, the Hand will Le preſſed or kept on by a Weight 

equal to 6016, | 
EXPERIMENT V. | | 

5. The Fifth Experiment is fixing the Braſs Hemiſphere 
together by the Preſſure of the external Air, in ſuch Man- 
ner as to require two ſtrong Men to pull them aſunder. This 

rom their 9 and 

eby taken away the Spring, leaving the Preſſure to 

act alone. If the Diameter of the Hemiſpheres be 4 

Inches, the Area will be 12,556 Square Inches, which 

multiplied by 15 gives 188,3 . by which they are com- 

preſſed together. | 
EXPERIMENT VI. 

6. The Sixth Experiment eus the Spring of the Air 
throwing the Air out of a Glaſs-Bubble through the Water m 
which it is placed, in Form of large round Bubbles of 2 

his 
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Preſſure of the Air only, is made evident by 
taking off the ſaid Preſſure (in the exhauſte 
| Receiver) 


This is done by taking the Preſſure of the Air off the 
Surface of the Water in the. Jar under the Receiver ; 
and by that means the Spring of the Air having Ve 
to counter- act or confine it, will exert itſelf, and cauſe 
the Air to eſcape out of the Bubble, and from all Parts 
of the Water, in very ſmall Globules riſing up to the 
Top ; whence, by the way, it will appear, that Water 
is a very porous Body, and all its Interſtices poſſeſſed 
by Air, which is now expanded into viſible Volumes 
or Globules, and ſeen to make its Eſcape. 
EXPERIMENT. VIk.. +: * 
7. The Seventh Experiment is buta Part of the former, 


and ſhews, that upon letting the Air again into the Receiver, 


it falls on the roy 674 of the Water, and by that 'means com- 
preſſes the whole. Body of Water, . and drives Part of it into 


the evacuated on 7 Bubble, which then becomes heavier than 


Water, and finks to the Bottom, As there is but very 
little Air left in the Bubble, its Spring will be very 
weak, and ſo will yield to the Force of the external Air 
compreſſing the Water, and therefore will give the 
Water Admittance till it becomes ſo far compreſſed as 
to have a Spring equal to that of the outward Air, or to 
that which was in the Bubble atgrſt. Its Denſity will 
then be the ſame alſo ; and its Bulk, compared with 
the whole Bulk of the Bubble, will ſhew what Part of 
the whole Quantity of Air remained after Exhauſtion. 
EXPERIMENT VIII. 

8. The Eighth Experiment ſhews, that the ſame Bubble, 
placed with its Neck upon a hollow Glaſs over a ſmall Ba- 
fon, under the Receiver, upon exhauſting the Air the ſmall 
Quantity of Air in the Bubble will again expand ſelf, 
and drive out all the Water. The Preſſure of the Air, 


which before kept the Water in the Bubble, being now, 


taken away, the Spring of the Air in the Crown of the 
Bubble gradually exerts itſelf, and at laſt expels all the 


Water. From this Experiment it plainly appears, 
that the Spring of the Air is equal to the Preſſure, be- 
- cauſe the Spring drives out all the Water which the 


Preſſure forced into the Bubble. 
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Receiver) from a Baſon of Mercury, which 
then will not riſe in the Pipe of the Syringe 


EXPERIMENT IX. 
9. The Ninth Experiment is the Expulſion of the Contentt 
o an Egg through a ſmall Hole in the little End by the 
ring of the Air contained in the great End of the Agg. 
hile the Egg is new and good, there is always a foal 
Quantity of Air contained in the great End between the 
Shell and the Skin or Putamen, which, upon taking off 
the Preſſure of the Air from the Hole, will expand itſelf, 
and drive out the J/hite and Toll through the ſaid Hole 
in the little End, 0 Wt 
EXPERIMENT X 
10. The Tenth Experiment ſhews, that when half the 
Shell of the Egg thus emptied is taken off, the [ip Bubblt 
of Air will, upon Exhauſlion, ſo expand itſelf by its Spring 
as to raiſe up the Shin of the Egg, and throw it * 
out as to make the Reſemblance of the entire Egg. This 
will happen only when the Egg is quite new; for w 
the Egg grows ſtale, the Air will loſs its Spring by de- 
grees, and the Egg will become putrid or addle, It is 
obſerved by Naturalifts, that this included Bubble of Air 
is abſolutely neceſſary for the Production and Maturation 
of the Chick, which is effected by the Warmth and Fer- 
mentation occaſioned by the conſtant Incubation of the Hen, 
| EXPERIMENT XI. ; 
11. The Eleventh Experiment is to ſhew the great Quantity 
of Air contained in all ſolid Bodies. For when a Piece of 
raſs, Iron, Stone, c. is put into the Water of a ju 
under the Receiver, and the Air drawn out, the Spring 
of the Air contained in the Pores of thoſe ſolid Bodies, 


will, by expanding the Particles, cauſe them to appear 


on the Surface in numberſeſs Globules, and exhibit a 
curious Spectacle to the Eye, like the 7 Drops of 
Dew on the Piles of Graſs ; all which ſuddenly diſappear 


by letting the Air in again. 


EXPERIMENT XII. 

12. The Twelfth Experiment ſhews, that a Piece of Coth 
with a Weight added to it, to make it juſt ſink in the Maier, 
will be raiſed to the Top, or made to ſwim, by exhauſting the 
Air, For the Bubbles of Air which are expanded ** 

| to 
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on drawing up the Piſton, as it will in the 
open Air. | l 
| THE 


its Pores, and adhering to its Surface, render it lighter 

than Water, in which Caſe it muſt neceſſarily riſe to the 

Top, or ſwim. 3 
EXPERIMENT XIII. 

13. The Thirteenth Experiment ſberus, that Glaſs-Images 
and Bubbles, which fink in Water, will, on exhauſting 
the Receiver, riſe to the Top and ſwim. For the Bodies 
of theſe Images, &c, being hollow, are filled fo far with 
Water as to make them juſt ſink ; and the reſt of the 
Cavity hong poſſeſſed of Air, this Air will, upon takin 
off the Preſſure of the external Air, exert its Spring, an 
drive out the Water from the Images and Bubbles; they 
then become lighter than the Water, and riſe to the 
Top. When the Air is let in again, the Water re- enters 
their Bodies, and they ſink down again. © 

EXPERIMENT XIV. | 

14. The Fourteenth Experiment fhews, that a Bladder 

nearly emptied of Air, and ſunk with a Weight to the Bot- 


tom of a Jar of Water, will, upon Exhauſtion, riſe to the 


Top and ſwim, The Reaſon of which is, that when the 
Preſſure of the external Air is taken off, the Spring of 
the little incloſed Air will dilate and expand the Bladder 
to its full Bulk ; and then the Quantity of Water equal 
to its Bulk will be heavier than the Weight. and 
Bladder, and ſo will buoy them up to the Top, 
according to the Laws of Hydro/ftatics, which ſee. 
EXPERIMENT XV. 

15. The Fifteenth Experiment raiſes Beer or Ale into 
a large white Head or Froth to the Top of the Far. This 
happens on account of the great Tenacity of the Fluid; 
for when the Preſſure of the Air is taken off, the Air 
in the Beer expands itſelf into large Globules, to which 
the Particles of Beer adhering on every Side render 


them too heavy to riſe from the Surface, and fly away 


in the Air, The Bubbles of Air being thus raiſed are, 
as it were, conglutinated or ſtuck together by the ad- 
heſive Quality of the Liquor; and thus riſe in great 
Quantities, the upper Part being raiſed and ſuſtained by 
the Expanſion of that below. When the Air is let — 
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Tx SprING of the Air is demonſtrable 
by various Experiments: As, (1:) By the 
the Air-Bubbles contract, ſubſide, and retire within te 
Pores of the Fluid. In the ſame Manner Soap-Water, 
Yeaſt, &c. will riſe in a Heae. 
„ XVI. 
16. The S:xteenth Experiment it exhibiting tie Phan 
F Boiling Water in the exhauſted Receiver. To this EM 
the Water muſt be as hot às the Finger can well ber 
when put under the Receiver. Upon exhauſting, the 
Air- Bubbles will be ſeen to riſe very ſoon, and at firſt 
very ſmall ; they ſoon appear bigger, and at laſt are ſo 
large, and riſe with ſuch Rapidity, as greatly to apitate 
the Water, and cauſe it to appear in all the Circumſtances 
of Boiling; which Agitation of the Water will continue 
till the Air be let in again, and then it will ceaſe, and 
all will be quiet and fill as at firſt. Some People ima- 
gine the Water grows hotter by boiling under the Re- 
199 ceiver, as it does over, the Fire; not conſidering that 
"i | Water boils only by the great Expanſion and Rarefac- 
= tion of the Air it contains, from whatever Cauſe it p- 
ceeds, as from the Heat of Fire, from taking off de 
Preſſure of the Atmoſphere dy the Air-Pump, ec.” 
EXPERIMENT XVI. 
5 17. The Seventeenth Experiment fhews, that a ſhrivel'd 
4 1 Apple will be plump d out, and made to look” fair, unt 
i" = the exhauſted Receiver, The Reaſon of Which is the 
-- * Expanſion of the Air in the Subſtance of the Apple, 
. when the Preſſure is taken off from its Surface; 
though ſome Parts of the Skin be pervious to the in- 
= cluded Air, (as appears by the little Streams riſing from | 
the Pores of the Apple placed in Water) yet the 
creat: {t Part of the Surface is not, and will not there- 
fore ſuffer the Air to paſs out, but will yield and ex- 
= pand to its utmoſt Dimenſions, (and ſometimes burlt) 
1 on which all the Wrinkles diſappear, and the Apple 
by, puts on a youthful Face, till the Air be again let in, 
| when it inſtantly returns to its former State'of Decay 
and ſhrivel'd Countenance. 8 
| EXPERIMENT XVIII. : 
18. The Eighteenth Experiment exhibits the beautiful 
| Appearance 
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a In Stick. be Cut eyen at ad with A Pop: 
knife, and immerſed in 3 upon pumpin 
the Air from the Receiver it will at the fame = 
come out of the Pores of the Wood through the Mer- 
cury, as will be viſible.at each End. When the Air is 
let in again, it falls on the Surface of the Mercury; 
and forces it into the Pores of the Wood to poſſeſs the 
Place of Air. When the Wood is taken out and 
weighed, it will be found ſeveral times heapier than 
before; it will have changed its. Colour, being now of 
A blueiſh Hue all over; and if ſplit or cut trapſverſcly, 
the Quickſilver will be ſeen glittering in 1 its Poregz 
and through every Part, $2 hind 
EXPERIMENT XY. 7 8 
20. The Twentieth Experiment ig the breaking 
Bladder by the Weight ef the Air. For if the — 
be tied over one End of an open Receiver, as the Air ip | 
exhauſting the Spring will beweakened, and give w Gp 
the Preſſure of the Air on the Bladder, in awhich. A G 
the Bladder will put on a concave Figute, - -which 


be nicely ſpherical ; and this will continue — 
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s taken off from the external Parts in the 
Receiver. {2.) By the Extruſion of à Fluid 


PyruuAr fes. 


out 


till the Strength of the Bladder be overcome by the 
Preſſure, when it will break with a v Report, 
8 * X * . 

21. The Twenty- Experiment ir the breaking 5 
Glaß-Bottle by the Bakers of the Air. For this Purpoſe 
the Bottle ought to be of a ſquare Form, and not cy- 
lindrical or globular ; it ſhould alſo not be ve thick 
if ſmall. Then the Bottle is ferew'd on to 2 Hole 
in the Plate of the Pump, and the Air drawn out; by 
this means the Bottle ſuſtains the Preſſure from without, 
ſo long as its Strength will permit; then the Parts 
7 and the Bottle is inſtantly reduced into very ſmall 


ieces. 

EXPERIMENT MI. 

22. The Twenty-ſecond Experiment breaks a Bottle by 
the Spring of the Air. For the Mouth of the Bottle be- 
ing ſecurely ſealed up, fo that no Air from within can 
eſcape, it is put under the Receiver ; and as the Air is 
drawn off from its Surface, the Spring of the Air in- 
cluded will take place, and act more and more forcibly | 
againſt the Sides of the Glaſs, which having now no- 
thing but its own Strength to defend it, as ſoon as that 
is overcome the Parts give way, and the Glaſs is burſt 


in Pieces. 
EXPERIMENT XXIII. | 
23. The Twenty-third Experiment is to ſhew, that « 
Bladder being emptied of its Air, all to a very little, and 
then ſuſpended in the Receiver, the little Portion of Air 
will expand itſelf in ſuch manner upon Exhauftion, that at 
laſt it will diſſend and fill out the Bladder to its um 
Bulk, and make it appear as one fuli-blown, The Rea- 
ſon of which is apparent from what has been ſo often 
repeated above; as alſo, of its contracting again When 
the Air is let in. 
EXPERIMENT XXIV. — 
24. The Twenty-fourth Experiment fhews, that the 
Syringe will deſcend from the ſuſpended Piſton in Vacuo, 
when the Hole at Bottom is ſtopped, and a ſmall Weight 
added to overcome the Friction. If the Hole be * 
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of the Bubble of Air contained therein. 
| (3.) By 


in the open Air, and the Piſton drawn up, it will be 
reſiſted by the Preſſure of the incumbent Column of 
Air; but in Vucus, where this Air is taken away, the 
Piſton may freely riſe; or, which is all one, the By- 
ringe may deſcend; as it will, if a ſmall Weight be 


added to overcome the Friction of the Piſton. When 


the Air is let in — it will be ſeen to puſh up the 
Syringe upon the Piſton again. | 
Js "EXPERIMENT xxv. 


25. The Twenty-fifth Experiment fbews, that Wattr 


riſes in Pumps, and Yuickſilver in the Barometer, by the 

reſſure of the Air only. For a Glaſs Tube being ſcrewed 
on to the above-mentioned Syringe, and immerſed in 
the Mercury in the open Air, if the Piſton be then 
lifted up, it will attenuate the Air contained in the Glaſs 
Tube, by giving it a greater Space to expand in, and 


by this means leſſen its Spring, The Preſſure then of 


the external Air will raiſe ſo much Mercury into the 
Tube, as its Weight added to that of the Spring of the 
included Air is an equipollent Force, and then an Equi- 
librium will enſue : But if the Mercury be placed un- 
der the exhauſted Receiver, and the Piſton lifted up, no 
Mercury will then be ſeen to riſe ; which plainly ſhews 
the Cauſe, viz. the Air's Preſſure is in that Caſe taken 


away. 

; 1 1 XXVI. . 5 
26. The Twenty-ſixth Experiment ſbeug, that t 
Spring of the Air 2 equal to the Preſſure of the 
Air, by raifing the Quickſilver to the ſame Height. For 
if a Tube open at both Ends be cemented into a Glaſs 
Vial, nearly filled with Quickſilver, and placed under 
the — 4 Receiver, as the Air is gradually ex- 
hauſted, you will ſee the Mercury riſe from the Vial into 
the Tube above the Pump, by the Spring of the in- 


cluded Air, to the ſame Height as it is in the Gage- Tube 


below by the Preſſure, and that during the whole Time 
of the Exhauſtion. And this will always happen, let 
the Quantity of Air in the Vial be ever ſo ſmall, or 


out of a Glaſs Bubble, by the Expanſion 
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Plate, and immerſed in Mercury or Water: Thea, 


Tron, affecis the Needle in Vacuo, in the ſame m 


|  ParUMATICE. 


(3) By the Expulfion of the White and 


in 
þ the 


what it will; the Phenomenon depending not 
the Quantity, but the Strength of the Spring. IP 
._ . EXPERIMENT XXVII.. 

27. The Twenty-ſeventh Experiment flews the Mp. 
thod of making an artificial Fountain in Vacuo, by the 
Air, Preſſure. For this Purpoſe a very tall Glaſs Tube 
is hermetically cloſed on the Top, and at Bottom 
means of a Braſs Cap ſcrewed on to a Stap- 
that to the Plate of the Pump 4 then, when all the Air 
is exhauſted, the Cock is turned, and taken off the 


n turning the Cock again, the Fluid by the Preſſute 

of the Air wal be ſeen _y beautifully 5 1 
the Tube in the Form of a Fountain, L. of 
EXPERIMENT XXVII. 

28. The Twenty-eighth Experiment Hetos, that the 
Magnetic Virtue from the Stone, or @ touched Pince of 


as in open Air. | 1 
RKPERIMENT XXIX. | 
29. The Twenty-ninth Experiment foes, that the Mts 
traction of Coheſion is the fame in Vacuso es in the m 
Air. For this Purpoſe a large Glas Tube, drawn out 
into a very fine Capillary at Top, when filled with 
Water will ſuſtain it to a certain Height in the Air: if 
the ſame be placed under the Receiver, and the Air 
drawn out, the Water will remain ſuſpended as be- 
fore; which ſhews it to be wholly owing to the Fact 
of Attraction. 
EXPERIMENT XXX. 
210 


The Thirtieth Experiment /hrws, that Boidies, 
equilibrate each other in the Air, loſe their Equib- 


 brium in Vacuo. Thus if a Piece of Lead at ane End 


of a fine Balance, and a Piece of Cork at the ofthe, 
are in Eguilibris in the Air, and thus placed under the 
Receiver, as ſoon as the Air begins to be exhauſted, ſo 
ſoon the Equilibrium will begin to be deſtroyed, til 
at laſt, when all the Air is taken away, the Cork will 
deſcend, and ſhew itſelf really heavier than the = 
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the little End, by the Expanſion of the 


| Air contained in the great End ; and alſo, 


(4. By 
The Reaſon of which is evident from Hydroftatic 


Laws; for both Bodies being weighed in Air, each 


would loſe the Weight of an equal Bulk of Air, con- 
ſequently the Cork will loſe a greater Weight than the 
Lead in the Air; and therefore when the Air is taken 


away, the Weight that is reſtared to it being greater 


than what the Lead has retrieved, will cauſe it to pre- 
nderate, or weigh down the Lead in Yacua, And 
— we ſee that a Pound of Feathers is real.y beavier 
than a Pound of Lead, if weighed in the Air. 
EXPERIMENT. XXXI. "PIE 
31. The Thirty-fr ſt Experiment fhews the Air to be 
the Medium of Sounds. For if a Bell be fcerewed on to 
the Air-Pump, it will ring in the Air, and be heard 
under a thin RD : But when the Air is exhauſted, 
the Sound is not heard, which plainly proyes it to be 
propagated by means of the Air ; and this is farther 
evinced by letting the Air gradually into the Receiver, 
becauſe if, in the mean time, you keep ſhaking the Bell, 
the Sound will increaſe in Proportion as the Glaſs is 
filled with Air. 
EXPERIMENT XXXII. 
32. The Thirty-ſecand Experiment fhews, that the 
Air is neceſſary for the Exiſlence of Fire and Flame. 


Thus if Charcoal thoroughly lighted, and a Candle 


burning, be placed under the Receiver, as the Air is 

exhauſted the Coals will begin to decline and die away, 

and the Candle will go out by Degrees. 
EXPERIMENT XXXIII. 

33. The Thirty-third Experiment fhews the Riſe of 
Vapours and Smake to be owing to the Air; becaufe when 
the Air is taken away, the Vapours, which at firſt riſe 
very plentifully from the wet Leathers of the Plate fo 
as to obſcure the Receiver, begin to fall when the Air 
becomes greatly attenuated ; and the Smoke, which at 
firſt roſe from the Candle extinct, now begins to de- 
ſcend; and when the Air is all exhauſted, the Receiver 
becomes quite clear, and free from all Appearance of 
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the Vapours, and the Weather becomes 


Px EVUUAT TCS. 
(4.) By raiſing up the Skin of the Egg 
(after the Yolk is taken away, and one half 
. 5 , of 


Smoke or Vapour. Hence, by the way, we fee the 
Reaſon why, when the Air grows lighter, it lets fall 


: miſty, hazy, 
and wet or rain | 


EXPERIMENT XXXIV. 

34- The Thirty-fourth Experiment fhews the Expliſun 
of Gunpowder is owing to the Air. For if it be Kindled 
in Vacuo, the Air, that ſo ſuddenly expands itſelf from 
the Powder, and gives ſuch a Shock to the common 
Air, now finds non* to encounter, and ſo makes no 
ſenſible Appe:rance, otherwiſe than by the ſinking of 
the Mercury a little in the Gage by its Spring, 

EXPERIMEN XXXV. ; 

35. The Thirty-fifth Experiment ſbetus how Hales 
are produced by refrafied Light. Thus if a Candle be 
held on one Side of the Receiver, and the Eye placed 


at ſome Diſtance on the other, as ſoon as the Air be, 


gins to be exhauſted, and becomes attenuated and re- 
pleted with Vapours to a proper Degree, the Light of 
the Candle will be refracted through that Medium in, 
Circles of various Colours, yery much reſembling thoſe 
ſeen about the Moon in a hazy Air at Night, 
EXPERIMENT XXXVI. 

36. The Thirty-/ixth Experiment ſhews how the 
of an Animal are affected in Vacuo ; in what Manner it 
dies, and is revived again. For this Purpoſe a ſmall 
Bladder is tied to a Pipe, and ſcrewed into a Bottle, 
which then repreſents the Lungs in the Thorax. This 
Pipe is perforated quite through to the Bladder, and 
is therefore analogous to the Trachea or Wind- pipe, 
The Air confined in the Bottle about the Bladder is in 
the ſame Circumſtances with that in the Breaſt about 
the Lungs. When this Apparatus is placed under the 
Receiver, one or two Exſuctions wilk attenuate the Air 
in the Receiver and Bladder, upon which the Spring 
of included Air in the Bottle will compreſs the Bladder, 
as that in the Thorax does the Lungs; and a few more 
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of the Shell) by the Expanſion of the ſaid. 
included Bubble of Air, fo as almoſt to fill 
| = 7: _ 


Turns will cauſe the Bladder - to be. compreſſed to- 
gether. The Lungs being thus compreſſed, the Animal 
is ſenſible of a prodigious Weight, the Circulation of 
the Blood through the Lungs is ſtopped, the Creature 
Ned, and at laſt expires in the greateſt 
Agonies of a moſt cruel Death. When the Air is let 
in again, the Bladder gradually expands, as do the 
Lungs of the Animal ; and if it 4 not lain too long, 
the Blood will again paſs through them, and the Ani- 
mal will recover its ſuſpended Life. | 
EXPERIMENT XXXVII. 

37. The Thirty-ſeventh Experiment Heis Air to be 
abſolutely neceſſary to moſt Sorts of Animals. This we do 
by exhauſting the Air from a Cat, a Rat, a Mouſe, a 
Bird, &c. which ſoon die in the Manner aboye de- 
ſcribed. It is not always, indeed, that Gentlemen can 
thus ſuffer their Curiolity to get the Aſcendant fo far 
over their Humanity, as to delire ſo ſhocking a Spec- 


tacle. The Ladies (greatly to their Honour) ſhew 


more Conſideration, in generally voting againſt it. 


, EXPERIMENT XXXVIII. 


38. The Thirty-eighth Experiment ſhews Air is not 
abſolutely neceſſary to the Life of ſome Animals : For it is 
well known that pumping the Air from a Toad, an Eel, 
a Viper, and all Sorts of Inſects, ſeems not immedi- 
diately to affect them. Indeed, the winged Inſects cannot 
fly, but they will crawl and run about very briſkly. Some 
ſay Fiſh will die for want of Air; I confeſs I never 
could kill any, They appear greatly diſturbed, ſwoln, 
and fickiſh at firſt ; but Mr. Haie b) ſays he has kept 
them a Week in Vacuo, and they recovered their firſt 
Illneſs, and were at the Week's End as lively and alert 
as thoſe which had been kept as long in the Air. 

EXPERIMENT XXXIX. 

39- The Thirty-ninth Experiment ſhews no Winged 
Animal can fly without Air. For this Purpoſe a large 
Butter-fly is a proper Subject, for as ſoon as it is put 
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me Tlalf-Sbell. (.) Glaſt Bubbles" an 
Images fil with Water, 40 as to make | 
them 


under the Glaſs it will fly and flutter about, but ehen 
the Air i is taken away, nothing more of that Kind 
ſeen, If a fine Silk be tied abut one of the Herns 5 
this Animal, and it be thus fufpended in the Middle of 
the Receiver, it will at firſt fly towards every dicke of 
the Glaſs, but when the Air is exhauſted, it cannot get 
8 of the 13 N Poſition imo which it is 

Brought by ravity, though it wilt be conſtantly 
endeavouring to do it. 

EXPERIMENT WE. 

40. The Fortieth Experiment is that of Ad Kid 
PIG this Air is brought into the Receiver chrough the 
Fire; and if a Candle be put down into it, it in "2 
Los out, and will do ſo for many times together 
every time the Candle burns longer than befare ; which 
ſeems to ſhew, that this Air is ſomewhat of the fame 
Nature with that in Mines, commonly called * 
and is, like that, purified again by Fire. 

EXPERIMEN XLI. 1 "7 
41. The Forty- Experiment fews that Adu 
is inſtant Death to 2 Sorts of Animals. Thus a _ 
row put into this Air tumbles down with a kind of 
Vertigo, is convulſed, and dies directly; much aftet 
che ſame Manner as Men fall down dead in the canta· 
minated Air of Mines, deep Wells, Cc. 
er XL 
42. The Forty: ſecond Experiment fbews that all Bude 
deſcend equally 72 ;ft in Vacuo. Thus a Guinea and 
Feather let fall from the Top of a tall exhauſted Re- 
ceiver, come down to the Bottom in the ſame time, of 
both together. But when let fall from thence in 
Air, the Feather will deſcend much flower than the 
Guinca, and with an oblique or indirect Motion, 
EXPERIMENT XLIII. 
43. The Forty-third Experiment fhews all Fermen- 
tation and Putrefuction depend on Air. Thus Apples, 
Pp cars, Plums, ( Cherries, Cc. which in the Air ſoon 


grow 
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them juſt fink in Water, will, upen ex 


hauſting the Air from the Surface, riſe to 
the 


grow mellow, putrid, and rotten, will, if kept in an 
exhauſted Receiyer, placed under Water, be preſerved 
2 long Time untainted, appear freſls and in their native 


Bloom. Thus Eggs alſo, which in the Air foon grow + 


ſtale, putrid, and addle, will in Vacus retain their 
Goodneſs, and be fit for uſe after a great while. 
Which is the Reaſon why People keep them in 
Pots of Butter, Lard, (Fe. to preferve them from the Air, 
| EXPERIMENT XLIV. 
44. The Forty-fourth Experiment fbews how nec 
Air is for the Germination and Growth of Plants and Ve- 
getablen. For if the ſame Seed be planted in two diffe- 
rent Pots of Earth at the fame Time, and one of them 
be kept in an exhauſted Receiver, the Difference ba. 
tween the Appearance and Growth of each will be ſuf- 
ficiently ſenſible to any that fhall try the Experiment. 
EXPERIMENT XLV. 


45. The "7 Experiment ſhews, that the Wri- 


ting made with P — upon Paper, laid on the Plate of 
the Pump, will in Vacue e laminous,. and not be 
extinguiſhed like common Fire, It will alfa ſend up 
lucid Fumes or Clouds to the Top of the Receiver, 

| EXPERIMENT XLVI. 

46. If the Paper be wetted by Patches, on which the 
Lines have been drawn with Phoſphorus, inflead of a 
Clm. it will give Flaſhes in Vacuo. For theſe | 
ments with Phoſphorus the Room ſhould be made very 


dark, 
| EXPERIMENT XLVII. 

47. The Foriy-ſeventh Experiment ſbetut, that upon 
fome Chemical Mixtures @ ftrong Efferveſcency, Ebullition, 
and Accenſion wilt happen in Vacuo. Thus, if to an equal 
(but ſmall) Quantity of Vitriol, Oil of Tartar per De- 
l'quium, and Oil of Cloves, you put two or three finall 
Pieces of Phoſphorus, the Mixture will take Fire in 
the open Air, and is put out by the Addition of a little 
Water, It will not only ſhine, but boil up into 4 
Flame in Vacus, SE REES 5 
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the Top of the Veſſel, | (6.) Alſo 
Bladder filled with Air, and juſt made to 


EXPERIMENT XL VIII. 

48. Melted Lead, and other Metals, ſet to cool in Va- 
cuo, have their Surfaces cuncaue; whereas they are con- 
vex in the open Air. The Reaſon of which 1s the ſame 
as of the Expanſion of Water when it congeals into 
Ice. Thus Ice becomes ſpecifically lighter than Wa- 
ter, and ſwims in it; as any ſolid Metal is ſpecifically 
lighter than when melted : Thus a leaden Bullet fwimz 
in melted Lead. What Agent Nature employs in the 
Affair of Congelation, is perhaps as yet unknown to 
Mortals ; but whatever it be, tis certain that one Part 
of its Qperation is to ſever the Particles, and fix.them 
at a greater Diſtance from each other in the fixed, than 

they are in the fluid State, 

EXPERIMENT XLIX. ” 
49. The Chemical Proceſs of Cryſtallization will nt 


ſucceed in Vacuo. If Salts be mixed with Water and 


evaporated to a Pellicle, and then placed under an ex- 
hauſted Receiver, and ſet in a cool Place as uſual, it 
will not ſhoot into Cryſtals, as in the open Air it rea- 


dily will. 
EXPERIMENT L. 4 

50. The Fiftieth Experiment ſhews, that if a Piece 
of Wood be cemented in the lower Part of the Neck of 
the open Receiver, and Mercury be poured upon it, a- 
ter two or three Exhauſtions the Preſſure of the Air 
will be ſo great on the Mercury, as to cauſe it to de- 
ſcend through the Pores of "the Wood in Form of ; 
beautiful Shower; which will ſhine (if it be well 
cleanſed and the Weather dry) in a dark Room. The 
Air alſo will follow the 41 through the Pores 
of the Wood, and cauſe the Gage to ſink. 


51. To theſe Experiments of a Vacuum, I ſhall add 
the following Particulars relating to the CONDENSATION 
of Air: As, (1.) That the Veſſel ought to be very 
ſtrong to bear the Force of the Air's Spring thus 

| crealea; 


ſink with a Weight, will, upon Exhauſtion, 1 


£0 ſoon riſe by the Expanſion of the contained 
« We Air. 


creaſed ;. for which Reaſon they 1 made of 
Braſs. (2.) If Glaſs be uſed for a Condenſer, it will 
not indeed ſuffer ſo great a Degree of Condenſation, 
but the Experiment will be pleaſanter, by viewing the 
Subject placed in the condenſed Air. (3.) The Spring | 
of the Air will be greater in Proportion to its Conden- - 
ſation, and therefore (4.) The Sound of the Bell will 
be twice or thrice as loud as in the common Air, if 
the Air be made twice or thrice as denſe by Injection. 
(5.) A round Vial will be broke by condenſed Air, that 
could not be broke by the Preſſure of the common Air. 
(6.) Though — ſoon die by not having the natu- 
ral requiſite Quantity of Air, yet they will not be eaſily 
killed by having that Quantity increaſed by Condenſa- 
tion. (7. ) If Air be condenſed upon Water in a Bottle, 6 
it will cauſe it to ſpout through the Tube of Commu- | 
nication to a very great Height, viz. to 30 Feet, if 
only one Atmoſphere be injected; to 60 Feet, if two 
and ſo on. (8.) A Bladder, that will ſuſtain the Spring 
of common Air, will be broke by the Spring of con- 
denſed Air. In ſhort, the Force of condenſed Air 
may be ſo far increaſed, as to countervail or antagoniſe 
the greateſt Power of Nature that we can apply. 
{9.) Water with Air condenſed upon it will conceive a 
much greater Degree of Heat than in the common Air, 
where it will boil much ſooner than in condenſed Air, 
(10.) So great may the Degree of Heat acquired in 
Water this Way be, as to melt ſoft Solder; and 
therefore Veſſels hould have their Parts put together 
with hard Solder, that are uſed about theſe Experi- 
ments, 

52. From this vaſt Power of confined and elaſtic 
Air and Steam it is that we account for the prodigious 
Effects of Papin's DIGESTER in diſſolving Bones and 
reducing them to a Jelly, ſo as to become a wholſome 
and favoury Diet; for which Purpoſe they are put into 
a metalline Veſſel, with a Coyer, which is faſt and 

ſtrongly 
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Air. (7.) The Spring of the Air will they 
itſelf alſo by raifing heavy Weights laid 
on a Bladder, half filled with Air, in 3 
proper Veſſel under the Receiver. (8 
Beer, Cyder, Water, and porous Bodies, 
do emit great Quantities of Air under the 
exhauſted Receiver. (.) Fiſhes are made 
fo light or buoyant by increaſing the Spring 
of the Air in their Bladders, upon Ex- 
hauſtion, that they riſe to the Top of the 
Water, and cannot again deſcend to the 
Bottom. (10.) Shriveled Apples are made 
to look fair and ſmooth by the Spring of 
the contained Air filling out the Wrinkles, 
(11.) The Spring of the Air in a ſquare 
Bottle, cemented cloſe, will immediately 
burſt it in Pieces, upon exhauſting the in» 
cumbent Air, (12.) But that curious 'Ex- 
periment which ſhews the Force of the 
Spring of the Air to be equal to its Weight 

or 


ftrongly ſcrewed down, and Air-tight. The Digeſter 
nearly filled with Water and Bones is ſet over a 2 
Fire, which by Degrees rarefies the Water into Steam, 
which with the included Air in a ſhort Space of Time 
acts upon the Bones with ſo great an Energy, as t0 
effect their utter Diſſolution, and cauſe them to mix 
and incorporate ſo intimately with the Water, or Broth, 


as to make a perfect Cragulum or Jelly when all 1 
cold, which may be then fliced out with a Knife, 
They who would ſee more of the wonderful Effects of 
this Inſtrument may conſult the Author's own 
ypon the Subject. 
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or Preſſure, is by raiſing the Mercury, by 
the Expanſion of a ſmall Quantity of con- 
ned Air, to the ſame Height in an ex- 
hauſted Tube above the Pump, as that 
which it is raiſed to in the Mercurial Gage 
by the Preſſure of che Atmoſphere be- 
low it. | HE TE} | 

Tur great Action of animal Life, vis. 
Breathing by Inſpiration and Exprration of 


Air, is owing to the Prefure and Spring of 


the Air conjointly, as is evident by the 
Contraction and Expunſion of a Blailder in a 
ſmall Receiver, with a Bladder tied on at 
Bottom to repreſent the Diaphragm. _ 

HENCE the Neceſſity of Air for Neſpira- 
tion and animal Life in moſt Sorts of Crea- 
tures, which die very ſoon in the extaufied 
Receiver: Though ſome Animals will not 
be killed in this manner; as Flies, Frogs, 
Toads, ſome ſort of Fiſhes, &c. 

THAT Air paſhng through the Fire, and 
heated Braſs Tube, is unfit for animal 
Reſpiration, is ſhewn by the ſudden Death 
of any Animal put into a Receiver filled 
therewith. Alſo Candles and living Coals, 
put into this aduſt Air, immediately go 
out, Hence the noxious and peſtilential 
Qualities of Damps and fuffocating Exhala- 
trons, ſo frequent and fatally experienced in 
Mines, and other ſubterranean Places. 

THAT 


$745 _ -PmnxoMaAtTICh, 2 
THrarT Air in its natural State is ne 
for Fire and Flame, is obvious from the fud. 
| den Extin&tion of a Candle, a live Coal, Ar 
; in the exhauſted Receiver. Alſo Gunpowder 
fired therein will not take Flame, or be exe 
plgſive, but melt and die away. © 
THAT the different Velocities with which 
heavy and light Bodies deſcend in the Air, 
is owing to the Air's Reſiſtance only, is ma- 
nifeſt from the equal Velocity or Swiftnelz 
with which all Bodies defcend in the e. 
bauſted Receiver, as is ſhewn in the 
ment with a Guinea and a Featber. 
AIR is likewiſe neceſſary for the Exiſt 
ence and Propagation of Sounds; for a 
Bell placed under the Receiver, and rung, 
will not be heard when the Air is drawn 
out; but in condenſed Air, the Sound will 
be augmented in Proportion to the Con- 
denſation. 
THAT Fermentation, Putrefattion, &e. 
depend on the Air, and are promoted by 
it, is ſhewn by preſerving the Fruit in their 
natural Bloom and Perfection ho the 
Winter in an exhauſted Glaſs. 
THE Uſe of the Diving-Bell depends o on 
the Preſſure and Spring of the Air : For 
ſince the Space which Air takes up is reci- 


procally as the Power compreſſing it, tis 
| evident 
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erident that at the Depth of 33 Feet of 
Water, where the Preſſure of the Atmo- 


ſphere is doubled, the Bell will be half ; 


filled with Water; at the Depth of 66 Feet 
it will be two Thirds filled ; at the Depth 


#75 


of 99 Feet it will be three Fourths filled; 


and fo on. Whence appears the Neceſſity 
of having the Veſſel in the Form of a 
Bell, that the perpendicular Height of the 
Water may be as little as poſſible. - Hence 
alſo we ſee how neceſſary it is to have a 
very gentle Deſcent of the Bell, that the 


Divers may have Time to admit the Air, 


ſo greatly condenſed, by proper Degrees, 


leſt it ſhould burſt the fine Veſſels of their 


Bodies, and kill them: Together with ſe- 


veral other Particulars relating to the Na- 
ture and Manner of uſing this Machine, 


which will be more fully explained in the 


Note below (XCII). | hl 
THE 


(XCII.) 1. That the Reader may have a juſt Idea of 
the Campana Urinatoria or DivinG-BELL, according 
to the lateſt Improvements by Dr. Halley and Mr. Trie- 
wald of Stockholm, I have here exhibited two Figures of 
the ſame, The firſt is that of Dr, Halley's Form, which 
was 3 Feet wide at Top, 5 Feet at Bottom, and 8 Feet 
high; and contained about 63 Cubic Feet, or near 8 
Hogſheads, in its Concavity. 

2. This was coated with 1 ſo heavy that it would 
ſink empty; and the Weight was diſtributed about the 
Bottom L K, that it would go down in a perpendicular 

Poſition 


Plate 
XXIX. 


Fig. 4. 
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Tux Spring of the Air is moſtewdetyly 
concerned in that Chirurgical Operation 
| : FEY ' l fo * 4 7 21 We 
Poſition and no other. In the Top was fixed 4 tion 
but clear Glaſs D, to let in the Light from 058 a 
likewiſe a Cock, as at B, 4 let out 17 ir tin 

» Was 4 


had been breathed ; and below, at L was 
circular Seat for the Divers to fit on; and faftiy, from 


- 


Water, tg 


Barrels, was fixed a Hoſe or hollow Pipe, well prepazed 
with Bees-Wax and Oil, which was long enough to 
fall below the Hole at che Bottom, being ſunk*with 
a Weight appended, ſo that the Air in the. ape 
Part ef the Barrels could not eſcape, unleſs the Jower 
Ends of theſe Pipes were firſt lifted up. 
4. Theſe Air-Barrels were fitted with Tackle, pro- 
per to make them riſe and fall alternately, e dug 
Buckets in a Well; in their Deſcent, they were din 
by Lines faſtened to the under Edge of the Bell to the 
Man ſtanding on the Stage to receive them, who of 
taking up the Ends of the Pipes above the Surface of 
the Water in the Bell, gave Occaſton for the Water i 


the Barrels to force all the Air in the upper Parts into 


the Bell, while it entered below, and filled the Bane 
And as ſoon as one was difcharged, by a Signal gien, 
it was drawn up, and the other deſcended, to be tend 
for Uſe, | 
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we call Cupping; for when à Vacuum is 


made by a Syringe in the Cupping-Olafs 
applied 


5, As the cold Air ruſh'd into the Bell from the Bar- 


rel below, it expell'd the hot Air (which was lighter). 


through the Cock B, at the Top of the Bell, which 
was then open'd for that Purpoſe. By this Method, 
Air is communicated fo quick and in, ſuch Plenty, 
that the Doctor tells us, he himſelf was one of five 
who were together at the Bottom, in nine or ten Fa- 
thoms Water, for above an Hour and an half at a Time,, 
without any Sort of ill Conſequence ; and he might 
have continued there, as long as he pleaſed, for any 
thing that appeared to the contrary, 27 3 
6. In going down, *tis neceſſary it ſhould be very 
ntly at firſt, that the denſe Air may be inſpired to 
eep up, by its Spring, a Balance to the Preſſure of 
the Air in the Bell. Thing each 12 Feet Deſcent, the 
Bell is ſtopp'd, and the Water that enters is driven out 
by letting in three or four Barrels of freſh Air. By 
this Means, the Doctor ſays, he could (by taking off 
the Stage) lay the Bottom of the Sea, jut within the 
Compaſs of the Bell, ſo far dry, as not to be over 
Shoes thereon. « | 
©, By the Glaſs above ſo much Light was tranſmit- 
when the Sun ſhone, and the Sea was clear and 
een, that he could ſee perfectly well to write and read, 
and much more to take up any Thing under the Bell; 
and by the Return of the Air-Barrels, he could ſend 
up Orders, written with an Iron Pen, on ſmall Pieces 
of = directing they were to be moved from Place 
te Place. 

8. But in dark Weather, when the Sea was rough 
and troubled, it would be as dark as Night in the Bell ; 
but then the Doctor found he could keep a Candle burn- 
Ing in the Bell, as long as he pleaſed ; it being found 
by Experiment, that one Candle conſumes much about 
the ſame Quantity of confined Air 2s one Man does, 
diz. about a Gallon per Minute. * 

Vol. II. _— 9. The 
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in che Fleſh under the Glaſs does ſtrongly 


ceed from its being ſome Time before the Nie Sf 
from the Mouth, through the ſmall Canal of the A 
chian Tube, which leads to the inner Cavity of the ' 


" . , * 


where, when it comes, it makes an Equilibrium with 


the outward Air, preſſing on the Tj pant m, and thus 
che Pain, for a ſhort Mine. ceaſes ; then deſcending 
lower, the Pain of the Ears returns, $96 is again abated; 
and ſo on till you come down to the Bottom, where 
the Air is of the ſame Denſity continuallj 7. 
10. One of thoſe Divers (who thought out- wi 
Dame Nature for once) put a Piece of chew'd Paperin 
his Ears, which as the Bell deſcended, was ſo forcibly 
preſſed into his Ears, that it was with great Difheulty 
the Surgeon could extract it. Thus a Bottle wich dul 
common Air in it, and cork'd down tight, if it he tt 
down to a conſiderable Depth of Water, will be found, 


upon drawing it up again, to have had the Cork forced | 


in by the Preſſure of the Water at that Depth, 
11. This Bell was fo far improved by the Dots, 
that he could detach one of his Divers to the Diſtance 
of 80 or 100 Yards from it, by a Contrivance of a Cap 
or Head-piece, ſomewhat like an inverted. Hand- 
Baſket, as at F, with a Glaſs in the fore Part, for 
him to ſee his Way through. This Cap was of Lab 
and made to ſit quite cloſe about his Shoulders; ins 
Top of it was fix'd a flexible Pipe communicating wit 
the Bell, and by which he had, Air when he wanted 
by turning the Stop-Cock near his Head-pjece. "Then 
was alſo another Cock at the End in the Bell to pt 


vent any Accident happening from the Perſon will 
out. 5 8 

12. This Perſon was always well clothed with thick 
Flannels, which were warm'd upon him before AT 
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xt, and by that Means caüſes the Flesh to 
ditend and ſwell into the Glaſs, while the 
5 | _ Preſſure 


the Bell, and would not ſuffer the cold Water tö pene- 
trate to hurt him. His Cap contain'd Air enough to 


above the Bell, and turning the Cock F, he could fe- 
pleniſh it with freſh Alr. This Pipe he edil'd rdundk 
his Arm, which ſerved him as a Clue to find his Way 
to the Bell again.. r c e dee e 

13. This Diving-Bell receiv'd: its laſt Improvement 
from Mr. Martin Triewdld, F. R. S. Captain of Mes 
thanics and Military Architecture, to his Stoediſb Ma- 
jeſty ; the Manner and Form whereof is ſhewn in a 
Ficure of his own drawing. A, B, is the Bell, whichj 
as appears by the Scale of Feet under it, is much leſs 
than Dr. Halley, and therefore will come cheaper. It 
is ſunk with leaden Weights, D, D, appended at the 
Bottom ; the Subſtance of the 'Bell is Copper, and 
tinn'd within all over; and as in the Rivers and Coaſts 
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luminated the Bell with three ſtrong convex Lenſes 
G, G, G, with Copper Lids H, H, x to defend them. 

14. The Iron Ring, or Plate E, ' ſerves the Diver to 
ſtand upon when he is at Work; and it is ſuſpended at 
ſuch a Diſtance from the Bottom of the Bell, that when 
the Diver ſtands upright, his Head is juſt above the 
Water in the Bell, and it is much better there than 
higher up in the Bell, becauſe the Air is colder, and 
conſequently more freſh. and fit for- Reſpiration near 
the Surface of the Water, than towards the Top of 


in the the Bcll, | 9 8 bd en de 

r with 15. But when there is Occaſion for the Diver to be 
unted, e wholly in the Bell, and his Head of Courſe in the up- 
Then per Part, Mr, Triewald has contrived, that even there, 
9 7 when he has breathed the hot Air as long as he well 
cen, by means of a ſpiral Copper Tube 6, c, placed 
dose to the Inſide of the Bell, he may then draw the 
wick cooler and freſher Air from the lowefmoſt Parts; to 


8 
ES 


which End a flexible Leather Tube, about two Feet 
Na : long, 


of the Baltic Sea, the Water is very clear, ſo he has il- 
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ſerve him a: Minute or two; then by raiſing himſelf | 


Plate 
XXIX. 


Fig. 5 
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| of Heat and Cold in the Air, by the different 


2 


 Paromaries +) 


Preſſure of the Air on the Parts without the. 
Glaſs accelerates the Motion of the Blood 
and Fluids, towards the Part where it is di- 
miniſhed or taken off by the Glaſs. , 

- SINCE we know that Heat augments the 
repellent Power in the Particles of a Fluid, 
and by that means increaſes its. Elaſticity, 
and thereby cauſes it to expand itſelf into a 
large Space; and that Cold has a quite con- 
trary Effect; we learn the Uſe of the Tyt- 
MOMETER in indicating the various 


Altitudes of the Spirit of Wine in that la- 
ſtrument (XCIII). | 
59 'Tar 


long, is fixed to the upper End of the Tube at 6, to 
the other End of which is a turned Ivory Mouth-piece, 
for the Diver to hold in his Mouth, to reſpire the Air 
trom below by; and this he may do in any Poſture of | 
ſtanding, ſitting, bowing his Body, &c. 

16, I muſt not omit in this Place to mention the I- 
vention of a Gentleman at Newton-Bufhel in Devonſhire, 
who contrived a large Caſe of ſtrong Leather, to hold 
about half a Hogſhead of Air, and made it N 
Water- tight, adapting to it proper Parts for his Legs and 
Arms, with a Glaſs before; ſo that when he put hum- 
{elf into this Caſe, he could walk very eaſily about at the 
Bottom of the Sea, and go into the Cabin, and other 
Parts of a Ship in a Wreck, and deliver out the Goods; 
and this Method he practiſed forty Years, and thereby 
acquired a large Fortune, and equal Fame. 

(XCIIT) 1. A THERMOMETER being deſign'd to 
indicate the various Degrees of Heat and Cold by the 
elaſtic or expanſive Power of Bodies of the Fluid Sort, 
ſo many Ways, Methods, and Forms of conſtructing 
ſuch an uſeful Inſtrument have been thought of, ” 
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invented at ſeveral Times for this Purpoſe ;. at firſt Ii, 
then Oil, then Spirits Mine, and laſtly;; Quick/uver: 
have been every Way attempted and tortur'd in. this 
riment. 15 een 
4. The Spring of Air being ſooner affected by Heat 
and Cold than that of any other Fluid, was firſt thought 
upon as the beſt Expedient to anſwer this End; and ſo 


it really would be, were it not that the Weight or Preſ- 


ſure of the Atmoſphere affects it alſo at the ſame time z 
and by acting ſometimes with, ſometimes againſt i 

renders the Effect by Heat or Cold very uncertain, an 

therefore the Inſtrument uſeleſs. For Example : The 
Air in the Bottle A F will, by its Expanſion, when the 
Air grows warmer, raiſe the Water higher in the Tube 
than the Point H, and if the Air be lighter at this time 
it will preſs leſs on the Surface of the Water at H, and 
ſo will ſuffer it to riſe till higher. But if the Air be 


. 


heavier it will act againſt the Spring, and not permit 


it to raiſe the Water ſo high, The ſame may be ob- 
ſerved with reſpect to its Contraction by Cold; where- 
fore ſuch an Inſtrument for common or conſtant Uſe, 
will not do at all, though perhaps none is better cal- 
culated for ſome extemporaneous Uſes, as meaſuring the 
Degree of Coldneſs in different Cellars, or of Warmth 
in divers Rooms upon the ſame Floor, 

3 It was upon this Account found neceſſary to have 
Recourſe to ſome other Fluid, which, ſecured from the 
Preſſure of the Air in a Tube hermetically ſeal'd, might 
expand and contract ſolely by the Heat and Coldneſs of 
the Air about it. And becauſe moſt Fluids are ſubject 
to freeze or thicken. in great Degrees of Cold, it was 
ſoon confider'd that Spirits of Wine, a little tinged with 
Cochineal, would beſt anſwer the Purpoſe, and accord- 
ingly Thermometers were generally made therewith, 
and became of common Uſe, | 

4. Though the Spirit of Wine Thermometers wauld 
do very well to ſhew the comparative Heat of the Air, 
yet this was far ſhort of the Virtuoſo's Views, wha 
wanted to explore the various and vaſtly different De- 
grees of Heat in other Bodies, as boiling Water, boiling. 
Uils, melted Metals, and even Fire itſelf, and Degrees 
of Cold too, beyond what the Spirit Thermometer can 

| N 3 ſhew, 
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| Jin an intenſe, e of Cold wi 
freeze; as the punch, Philo n 


der the North Pelar Circle. 


35. It having been found by Experiment, that Ln. a 
ſeed Oil required: four times the Degree of Heat to m 
ft boil as Water did, it was quickly ſubſtituted. inſtead | 
of Spirits for) Philoſophic Uſes, This Sir Haar Mus 


always uſed, and by it diſcovered: the comparative, 
pee of Heat which makes Water boil, which m 
Wax, which makes Spirit of Wine boil age 

Tin and Lead 4i beyond which, o, do not find the, 


Thermometer has been apply dj for which Reaſan (n 


- alſo for its ſullying the Tube) it has been leſs uſed of 
late, and given way to ik. ‚— -,, 
6. The Mexguatas, THERMOMETER, which, will 
Auſtain any Degree of Heat or Cold, as far as any In- 
ſtrument of this Kind can be expected to do. Mr, Ec. 


-#enheit of Amſterdum, wes the Contriver of this T- 


mometer, and though ſeveral. Artificers made them 28 
well as he, * ugs by his Name. Dr. Boerbaave 
uſed only this Thermometer. As the M very 
freely and uniformly expands itſelf from hard Froſt to 


the Heat of Summer, fo one Sort of thoſe Thermome- 


ters are contrived with à Scale, to include thoſe Ex- 
tremes only, and the Beginning of the Niviſions, CY 

is fixed to that Altitude of the Quickſilver, as is o 
when Water juſt begins to freeze, or Snow to thaw; 
for which reaſon that is call'd the Freezing Point in the 
Scale. This Thermometer is ſmall, ſhort, put in- 
neat Frame, and carried in the Pocket any Where. 
7. But the Grand Thermometer of FARBNHEIT Us 
graduated after a different Manner, as deſtin'd to a 
more critical and extenſive Uſe. In this the Bulb, or 
large Part at the Bottom, is not ſpberical (as in com. 
mon ones) but cylindrical, to the End, that the Heat 
may penetrate and reach the inmoſt Parts as ſyon us 
poſſible, ſo that the. whole may expand uniformly to- 
xether, Hence it is, that in the eylindric Bulb, the 
Fluid will expand and riſe immediately, whereas inthe 
ſpherical Bulb, it is ſeen firſt to fall (by the ſudden 
| | . Expanſian 


to meaſure a Degree upon the Surface of che Earth wp 
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batt of the Ball, before th FIR is heated) and 
then to iife, the Ex 
* hers {ven u Figure; both of Tan lara Mares 


for a Standard W. Der mamoler 
20 Beger of Hint ch de ae ad ono 
human Body exhidle ; and alſo. for thoſs. Uifferen "7 
fte hich Vegetation requires in- the Green 

ot 


-Bed, We; 1 all whiet Caſes, 'tis. ne th 


frould be one common, / unetringy and univer 

fute, of Standard, which At 3 en, und in ev 

Place, will ſhew the f gree of Hat, by the ſatfie 

Expanſion of the Fluid, 8 wo. which the Scate 

ſhould be made in every Standatd erer Gilt 
* In order to he the Tube b en ſhould: be 


nicely weigh't when emp the Bulb, 


rev nei 2 iy Part of the Tube above 


i, is to be filf'd with Quick 2 is to he 
weigh'd again; and the Rory of this, above the far- 


mer Weight, will the Weight of the Nos mg iog 


pour'd in; this will give the t of rœodth Part, 
Let a Mark be made with a File u n'the Tube at the 
Surface of the incloſed Quickfi -b. Q | 

10. Then weigh out ꝙ of 10 Parcels of Quickſilver, 
each equal to x60dth Part of that firſt put in the Tube, 
and having pour'd the ſeveral Parcels in one after an · 


other upon the incloſed Quickſilver, and marked the 
Tube ſucceſſivel y at the Surface of each Parcel; you'll 
i 


have the Tube divided into proper Intervals, hich, 
if the Bore of the Tube be every where the ſame, will 
be equal to each other; if not, they will be unequal; 


and each of theſe Intervals is to be divided into 10 


others, increafing or decreaſing as the Intervals do 


11. When th 75 is done, the Capacity of the Tube 
is divided into gſandib 422 of that of the Ball, 
1 . of the Tube reaching op he | 


and the conti 
firſt Mark, The Tube is now to be put int 


into 


bouſandth Parts, exactiy co 
N 4 


of the Flaid when heated, 


and by the Side of it is to be placed a Scale, Kvided | 
wh reſponding to * 4 


abs 


* 


ter ahd id ef Sir Jane Nrwwn's.mad Plate 
420 LUGA 1; 7 * Ng 4 N : XXX. 
8. I take this ok gur Atte DE the bett fitted of Fig. 3 
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Scale, bein his conſtructed,” is wp ta be fill'd 
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on the Tube; and writing 1000 over-againſt the 
Mark; you wits 1010 Ser againſt be 6 2 


inſt the chird, 5 ſo on, as Jou ſee 3 in the 
rae  Phermome ae — * 


1525 


ſonis proper Tuid, "4s Lin = Oil, where BY E 
of Heat are not N and Fut is to be 
uſedg When eden the Fluid is pour d. i Pe it 
is to be adjuſted n n tuch'a Quantity, that it ma 
Juſt at the princip; 5 Point, marked looo, in War; 72 
. And here great Precaution is to be uſ 
—_— rials aſt” Tee in this Point to which the 


muſt always rife ow Degrees, and. with 
— Modon! * an m 


13. When this Point Is wat ſecured, all theTrouble 
- over, the Ball being then immerſed in boiling Water, 
ts, ; Oils, melted Mats, c. in Snow, F Teezing Mix- 
— Nc the Expatifions, y all the various Degrees 
of Heat and Cold, will be ſhewn by the Number 
inſt the Heights to which the Fluid riſes in the 
Tube: ; in each — theſe are to be wrote on the Si 
of the Scale; and "fine the ſame De gree of Heat 
cauſe the ſame Expanſion of the HE Fluid at 
Times, tis evident, if Thermometers were every 
where conſtructed in this Manner, the Obſervations 
made by them in * Part of the World, may be com- 
pared together, ich cannot otherwiſe be done; 


whence | ls Part of ett, would receive * 
Perfection. 


214. By one of that Standard Thermometers al 


made, many more might ſoon be conſtructed with any 
expand ng Fluid, without the Trouble of W 
their T >. bu by equal Quantities of Quickhly ver. 
haying fili'd the Balls, and a convenient Part of A 
Tube, with the ſed Fluid, place them all 
in a Veſſel of co 4 Wa ter ; and while it is warming 2 
gently as Ne, when the Oil in the Standard Ther- 
motnetet ſhall arrive ſueceſſively at the ſeveral Diviſions 
of its Scale, at the ſame Inſtant of Time mark the new 
Tubes at the et l an of their Fluids, and form 
a Scale for every Tube, that ſhall correſpond to thoſe 
Marks. Then; _ the Liquots ſubſide by-cooling 


| | gently, 
EP? T t] * «113 03 2 * g 
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tly, examine whether they nicely agree at che ſere⸗ 

ol arks. To determine the Freezing; Pom im all, 
they are to ſtand together in the Water till 'it juſt be- 
gins to freeze: Or, having all the other Points duly; 
that may be deduced very exa ly by the Rule of Pro- 
portion. 1 Toy 92 e eic 

15. A Thermometer that hall vary very — 
*. ſmall Variation of Heat and Cold, as thoſe of <4 
Atmoſphere, muſt have aTarge. Hall in Proportion to 
the Bore of the Tube; and that the Heat or Cold max 
ſooner penetrate the innermoſt Paxts of the Liquor, che 
Ball ſhould not be ſpherieal, but dblong and flatted like 
a French Flaſt ; and the Lengths of the Tubes ſhould 
be proportioned: to the Degrees of Heat they arep in- 
tended to diſcover. 19 ine, * 150 I $4429 AO k 
16. Sir [ſage Newton graduste his Standard? There 
mometer on both Sides, as ſnewn in the Figure. Thoſe 
on the Right Hand meaſured the lan of the” Oil zl as 
thoſe on the Left meaſured the Bulk thereof: But ſince 
the latter, as well as the former, begins from a Cypher 
at the Freezing Point, and is regularly continued up- 
wards by the common Diviſions 10, 20, 30, 40, Cel it 
will equally ſerve both Purpoſes; ſince So Dera 
Heat will always be proportioned to the Expanſion of 
” Bulk of the Fluid aboye ore below the -Freezing 

oint, eie 05 bas” YO TAL FIP 

17. By this Diviſion therefore on the Left, Hand, 1 
ſhall expreſs ſome of the principal Articles of Sir Ia 
Newton's Scale of the various Degrees of Heat, as in 
the Tablet below. „ mite „er 


D. of Heat. 4 
o Water juſt freezing, and Snow juſt thawing. 


8 The Heats of the Air in Winter. 


ws | The Heats of the Air in Spring and Autumn. 


to — rue Heats of the Air in Summer. 

13 The greateſt Summer-Heat. | 

26 The greateſt Heat of the external Parts of 
the Human Bod 


31 Water juſt tolerable to the Hand at Reſt. 
30; Water 
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D. of. Hear. ws 0 3% 
92 \ Water eee 
| 5 3 "Melted ſtiff and opake, 


8 + dF 14 5 
* ans Mee ' bubbles tbl 
* 715 Lig IB Hoc. 598 
_ Lift ater Vi „ 
4 b wn 


Mixture of 7s 
eee es? bas * 


e Mines eq Par of Tim: and Biſmurk 


ING * 8 
Tal of Pim and * of Lend 
1. 14 he oy __ meks Tin. : _— 
22 The Heat which melts Biſmuth. 


The leaſt Heat which melts Lead. 
The Heat with which buraing Bodics Kine 
* '& darle Ni 119 
410 The Heat «(itt Qoat-Fire, "ts 


. The Heat of s (all We bi 


18. Dr. Hals — the Freezing Point as 6ne 
Boundary to * mm” vin. on the icke of Cold]; and 
the other Boundary he fixes to that Degree of Heat with 
which Wax will begin to melt, becauſe 48 De- 
gree of Heat will, inſtead of eollecting and aſſimi — 
the nutritive Particles, diſſipate — even thoſe whi 
are moſt viſcid and glutinous; and therefore the Plint 
will rather fade than vegetate in ſuch Degrees of Heat, 

19. This Space the Doctor divided into 100 etal 
Parts in his Thermometers: But his Numbers expreſi i 
in thoſe of the Standard Thermometer, are for ſeveral 
Particulars mentioned by the Doctor as follows. F 
Myrtle, 43; Oranges, 6% ; Ficoides, 7; Indian Fig, 
8:; Ale, 10; Cereus, 1 Euphorbium, 123 Priamen+ 
fo, 13; Ananas, 147; Meh n-Thiftle, 15x ; Ar under 
the Glaſs of a Hot-Bed, 17 ; the Hot-Bed itſelf, 28. If 
the Hot-Bed exceed = eat of 40 or thereaboutsy'it 
will ſcorch the Plants and kill them. The Heat of 
Milk from the Cow is 28, that of Urine 29, and df 
Blood in a Fever nearly 40. 

20. As Farenbeit's Thermometer is come into ſuch 
general Uſe, I have here placed it by the Standard Ther- 
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_ Tuz- Moifure and, Diyneſ of ch Air are 
ſhewti by che 8 Which is 


made ſeveral Ways, hut 255 with A Cord is 
moſt common W df Hor, chaf by 
ſhrinking with. in ern la 


dex one way, an extending Filth DrFneſs 
will turn it the chelirtry-Wuyy over he gra- 


duated Limh of 4 Kits Ei P 
H 2d 2 


Hom loi, 
1 * Si2m_doidwr 18H vn 
mometer, that the Diviſion oweath may 8 to 
the other's vely+by bare In n, aud the Uſe 


of both be till preſerved, If this Reader, would fee all 
the different Softs of Hir rather {, the 
different Methods of 1771 them, Hern ply 
ſatisfied by Dre Dre 8 eorge Martine's 2 
1 Subje 6 | 10blog 11 $10! ya 
127 conclude his Head, t muſt be obſerved that 
the Right Hon. the Earl of Cunendiſs has yery lately iny 
vented a curious Conſtruction of Thermaneter's, et, two 
different Forms; one contrived to ſhew the greateſt De- 
7 of Heat, and the other the greateſt Oo e 
appen in a Perſon's'Abſence at an 74 Time. 
Improvement cannot be underſtood ſo well by Deſcrip- 
tion as by viewing the Inſtruments themſelves : 
(XCIV) 1. E HyGroMeTER,: ſometimes call'd 
a NoTIOMETER, is an Inſtrument or Contrivance, 
by which we can eſtimate the Quantity of Moiſture: e 
F apours in the Air; or by which we can compare. the 
various Degrees of its Humidity and Siceity at ferent 
Times, For this Purpoſe 1 Subjects have been 
at times eſſay' d, but none as yet have en en bor 
tisfactory or laſting. | 
2. Thus Cotton, Spunge, &c. hung at * End of. 2 
nice Balance, in an exact De will by contracting 
Mdiſture from the Air become heavier, which will 
therefore be ſhewn. by its deſcending ; and when the Air 


becomes drier, it ought to part wich the Moiſture and 
become 
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1:54 4 LL finiſn this Lecture with 
giving you an Account of the Structure 
De ftw 2518 WA net 75.11" 4090 or 
not readily do, and is 


* 


— 
4 


* 


become lighter ; but this it will 


therefore of little Uſe. Salts have been likewiſe uſed 


this Way, but to no Purpoſe. - - 1 

3. It would be endleſs to take notice ef all the Me- 
thods that have been attempted by Philoſophers, and 
moſt of them without Succeſs, However, as ſome ate 
better than others, and will endure for a conſiderable 


Time very well, I ſhall here give an Account of one 
which is the beſt of _ I have hitherto reer of. It 


is made of a String either of Hemp or Catꝰs-Gut (as all 
the beſt Sort are) and ſhews the increaſing Moiſture of 


„ 


the Air by its 7 wy fag ang Shortening, and the Dr. 


neſs by Untwiſting and Lengthening. 


4. Thus let ABC be the lower Part of a twiſted 


Line or Cord, hanging from the Height of the Room 
againſt one Side thereof on the Wall or Wainſcot; let 
there be deſcribed a large Circle, graduated into 100 
equal Parts, ſuch as K LMN]; in the Centre of which 


is a Pin, with a ſmall Pulley I B, r—_— Index 
* 


OP. If now a Cord be put round the Pulley, anda 
ſmall Weight or Ball D be ſuſpended at the lower End 
to keep it ftrait, then as the Cord gathers Moiſture 
from the Air, it will twiſt and become ſhorter the 
Conſequence of which will be, that in contracting it 
will turn the Pulley IB, and this by its Index will point 
to the Numbers on the graduated Circle, which will 
ſhew the Degree of Moifture or Dryneſs by the Con- 
traction or Relaxation of the Cord. 


F. Again: If the Ball D hang over the Centre E of 
another graduated Circle CFG H placed horizontally, 
carrying an Index E F upon its Diviſions, it will thew 


the ſame Thing by the twiſting and untwiſting of the 
Cord B C, as in the Circle above; ſo that this may be 
looked upon as a Double Hygrometer, and ſo ſimple in 
its Structure, that any Perſon may make it; and that 
it will anſwer very well for a conſiderable Time, Tam 
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fully ſatisfied dy Ser "And 1 Pelleve a bercer 
than this was never made. 

Note, In che Conſtrückion of m my Amoncrum Mag * 
um or Tripple Weathet- Glad, I-have's . 
Thermometer, and e en rene all of 
the beſt Sort} which wateß u piece of Fernitarecqual- 
V uſefuÞ/and"eliigants 51 ee at 

(XCVY . There i wat ns- 


been of any Uſe in Bite zo mean, the famous 
Invention of the Art? v 'of eln there are two 


aint Air- gun: 7 Of boa wen a e follow- | 
ing ſhort Actouſt. % ei 11511148; , 
2. The Commen An- Gow is made of Braſs, and 
has two Barrels; the Tiifide” Barrel K A of à ſmall 
— from which the Bullets are ſhot; and a larger 
E CD N on the Odeſide of . Tuche is a 
dear 8 2 4 fired in the Stock ws Gun, b 
which the Alr injekted into the Cavity between the 
two Barrels through cche Valve EP. * he Ball K is 
put down into its Place- in che ſmall Barrel with the 
Rammer, as in =." - wang At 8 L. is another Valve, 
which being d wWn open by the Trigger O, permits 
— * to come behind the the ullet, ſo 28 to drive it out 
bY at Force, 

f this Valve be __— and ſhut nictdenty, one 
Chirge of condenſed Air may make ſ:veral:Diſcharges 
of Bullets ; but if the whole Air be diſcharged on one 
ſingle Buller, it will drive it out more forcibly; ' This 
Diſcharge is effected by means of a Lock ## placed 
here, as uſual in other Guns; for the Trigger being 
pull'a, the Cock 4 will go down, and drive a Lever o, 
— will open the Valve, and let i in the Air upon the 


ullet K. 
4. The 


111 Uſe of the common atoms, _ 
roy.” * ae neee, of my on. 


tie Machin eto de dete el, ien has made eonſider- 
able Noiſe in the Philoſophic World, bur has never 


Sorts; one the Common Air Gun, the other che Maga- 
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The common or large Air-Pump is Tepre. 
ſented where 4d, a ay are the two Bras 
1 Barrels, 


4. The Magdzins Atr-Gum is the Invention of an 
ingenious Artiſt whoſe Name is L. Calbe "By his 
Contrivance tem Bullets are ſo lodged in » Corky 
near the Place of Diſcharge, that they be drawn 
into the ſhooting Barrel, and — thar ſo faft 
as to be nearly of the ſume Uſe as ſo many ſeveral 
Guns. In the Figure you have a Section of the Gun 
as big in every Part as the Gun itſelf; and ſe much 


of the Length as is neceſſary to form a compleat Idea 


of. the Whole. lb ri. 4b Wy 
58. A EE is Part of the Stock; G is che End of the 


Injection Syringe, with its Valve H opening into the 


Cavity between the Barrels, as before. is the 


| ſmall ſhooting Barrel; which receives the Bullets from 


the Magazine E D, which is of a ſerpentine Form, and 
eloſed on the End D when the Bullets b, þ, i, B, ate 
lodged in it. The circular Part: I 5 Mi is the Key of 
2 Cock, having a cylindric Hole through it I K, Which 


is equal to the Bore of the ſmall. Barrel, and mats 3 


Part of it in the preſent Situation. 1 

6. When the Lock is taken off, the ſeveral Parts 
Q, R, T, 8, W, tc. come into View, by which 
means the Diſcharge is made by puſhing up the Pin 
Pp, which raiſes and opens a Valve V, to let in the 
Air againſt the Bullet J from the Cavity FE, F, F; 
which Valve is immedi ſhut down again by means 
of a long Spring NN of Braſs. This Valve. V be- 
ing a conical Piece of Braſs, ground very true in the 
Part which receives it, will of itſelf be ſufficient. to oon- 
fine the Air. 5 5 BOTS: AER 
7 To make a Diſchar u pull the Trigger 2 *, 
which throws up the Ron goed, difenga — from 
the Notch x, upon which the ſtrong Spring W W maves 
the Tumbler F, to which the Cock is fix'd; This 
by its End u bears down the End v of the tumbling 


Lever R, which by its other End m raiſes at the ſame 


time the flat End Jof the horizontal Lever Q 
| Y 


as A oa wc tr @ „ ew * ©» Ka oe © rw =y 
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Barrels, in which the E iſtons e, ce, mova 
by Chains faſten'd tt each of themp- and 
, | to 
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by this Means, of Courfs; the pin Pe is puſb'd vp, 


which ſtands. 1 5 it, and thus opens the Valve V, and 
diſcharges the Bullet. This is all evident from a bare 
View of the Cut. 11 Inet s „-N off 5650 
8. To bring in another Hullet to ſucceed I inftanta» 
neouſly, there is a Part called; the Hammer H, whi 
by a ſquare Hole goes on upon the ſame ſquate End o 
the Key of the Cock, and turns it about ſo as to place 
the cylindric Bore of, the Key LK in any Situation re- 
quired. Thus when the Bullet is in the Gun, the 
Hammer ftands as in the Figure, where the Bore of 
the Key coincides with that of the Barrel RK. but 
when the Ball is target the Hammer . is inftantly 
brought down to ſhut the Pan of the Gun, by which 
Motion the Bore of the Key is turned into the Situation 
i t, ſo as to coincide: now with the Orifice of the Ma- 
gazine; and upon lifting the Gun upright, the Ball 
next the Key tumbles into its Cavity, and falls behind 
two ſmall Ends 5 5, of twa tender Springs, which like 
Fingers Ends detain it. The Key in this Poſition is 
ſeen in the Figure. Then opening the Hammer again 
the Bullet is brought into its proper Place near the diſ- 
charging Valve, and the Bore of the Key makes again 
a Part of that of the Shooting Barrel. 
9. It evidently appears how!-expeditious a Method 
this is of charging and diſcharging:a Gun; and were 
the Force of condenſed Air as ens as that of Gun 
powder, ſuch an Air-Gun would actually anfwer. the 
End of many Guns, and prove the beſt Defence againft 
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=. ay or Robbers that People are aware of; bez 


cauſe when they have Reaſon to ſuſpect them, they 
might then make five or ſix Difcharges before the Thief 
can come within Piſtol ſnuot . 
10. In the Air-Gun, and in all other Caſes where 
the Air is required to be condenſed to a very great De- 
— it will be requiſite to have the Syringe of a ſmall 
re, viz. not excecding + an Inch in Diameter; be- 

| I w_ = 
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to 2 Wheel moving on the Axle f; when 
the Engine is put into Motion by the 
Winch 45. gg, g g. are two Pillars or 
Pieces of Wood ſupporting the Frame of 
the Pump-Wheel, which is ſcrew'd upon 
them by Nuts utider the little Pieces of 
Wood e, ee. The Tube or Pipe marked 
55 is called the Swan-Neck, made of Braſs: 
By this. the Air paſſes from under the Re- 
ceiver o, through a fmall Hole & in the 
Middle of the Braſs Plate fi i on the Top 
of the Pump, to a Braſs Piece in the Box 
d d, which being perforated length-ways, 
to the. Middle Point under each Barrel, does 
there, through a ſmall Hole, by a Bladder- 
Valve, tranſmit the Air from the Receiver 
into each Barrel to be pump'd out by paſſ- 
ing through the Hole in the deſcending 

Piſton. 
cauſe, as has been ſhewn, the Preſſure againſt every 
ſquare Inch is about 15 1b. and againſt every circular Inch 
it is therefore about 12 Jb. If therefore the Syringe be 
one Inch in Diameter, when one Atmoſphere is injected, 
there will be a Reſiſtance of 12 1b. againſt the Piſton ; 
When 2, of 24 .; and when 10 are injected, there 
will be a Force of 120 lb. to overcome; whereas 10 
Atmoſpheres act againſt the circular Half Inch Piſton 
(whoſe Area is but 4 Part ſo big) with a Force but a 
Part fo great, wiz. 30 1b. ; or 40 Atmoſpheres may 
be injected with ſuch a Syringe, as well as 10 with the 
other, In a Word, the Facility of working will be 


(ceteris paribus) inverſely as the Squares of the Diame- 
ters of the Syringe, | 


Px N E vA 10 


piſton. Theſe; Holes imethe Piſtons: and 
Bottoms of the Barrels, are ' coverid with 
Valves, to prevent the Return of the Air in- 
to the Receiver. A is the Mietcutial Gage, 
or common» Barometer, immerſed in 4 Bas 
ſon of Mercury mm find in the Bottom of 
the Frame, and at Top communicates wih 
the Receiver, which therefore ſhews how. 
much the Receiver is exhauſted by: the Riſæ 
ing of the Mergury in the Tube, by nu 
graduated Scale afhxed/ thereto- The. Stop 
cock n, alſo, eommunicates with the Ne- 
ceirer, and conſequently with the Swans 
Neck and Mereurial Tube: Its Uſe is, by 
turning the Cock, tb re-admit the Air; 
when there is Oedcaſion. The Receiver“ 18 
ground true on the Bottom; and is fixed 
on the Pump at firſt by means of wetted 
Leathers to exclude the Air, inſtead of Ce- 
ment formerly uſed ſor that Purpoſe. 

Bur with how much more Convenieney, 
and leſs Expence, Pneumgtical Experir 
ments of all Kinds may be perform'd, by: 
a New, Elegant, and Portable A- Punp. 
which I have lately .-contrived ane made, 
vill be eaſy to apprehend from a bare View , _ 
of the Figure thereof: In Which AB. is XXII. 
the Head or Part containing the Wheely Fig. 3. 
which alternately raiſes and depreſſes —_  - 

VoL. II. O Piſtons 
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fupported on the two Pillars G H, fix'd 


PNRRUNMAT TCS. 
Piſtons CD in the Barrels E E, which ate 
ſrongly preſs d down by the faid Part AR, 


into' the Bed or Bottom' of the Machine 
IK IL. On this Bottom flands the Receiver 
MN on a large ſmooth Braſs Plate, in the 
Middle whereof is a Hole, by which the 
Air paſſes out of the Receiver into a ſmall 
Tube on the under Part of the Prame, 
and goes to the Piece O, which communi- 
cates with the perforated Braſs Piece on 
which the Barrel ſtands, and from which 
they receive the Air to be exhauſted. © On 
the middle Part of this Braſs Piece is 3 
Perforation, over which is placed a ſmall 
Receiver PQ, and under it a Baſon of 
Mercury R, in which a ſmall Tube'RS 
(hermetically ſealed at one End, and fill'd 
with Quickſilver) is inverted ; and there- 
fore as the ſmall Receiver PQ. is exhauſted, 
(at the ſame time with the large one MN) 


the Approach of the Vacuum will be ſhewn 
by the Deſcent of the Quickſilver in the Tube 


RS. By the Stop-cock T the Air is again 
let into the Receiver. I take this to be 
the laſt Improvement this Machine is capable 
of, as to its Form; for it conſiſts of only 
ſuch Parts as are eſſential. And thus con- 


ſtructed, it may, together with its Re- 


ceivers, 


Len 


erer T's”> 


ee. e. I eren. 


ee] 


E 


K f wag} -r 
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- PanuMaric 
teivers,. be contain'd in a Box of a Grab 
Size, and comes to but a ſmall Price in 
compariſon of the other Forms (XCVI), - 
(XCVI) 1. I ſhall conclude this Sub & with a few 


Articles relating to the Rarefaction of the Air in the 
Recipient in working the Machine; for the Reader muſt 


les (apa that all the Air can be exhauſted, if the 


Pump be ever ſo good, or worked ever ſo long. The 
Reaſon is evident when we conſider, that the Air which 
js exhauſted is only puſhed out by the Spring of that 
which remains behind : If therefore every Particle were 
ſuppoſed to be exhauſted, the laſt would be expell'd 
without an Agent, or there would be an Effe& without 
a Cauſe, which is abſurd. i! is: "4 

2. Let the Capacity of any Receiver be to that of 
the Barrel as C to 1, Alſo let the Rarefaction of the 
Air which remains in the Receiver be to the common 
Air as R to 1, after any Number of Turns or Ex- 
ſuctions N. Then, upon raiſing the Piſton, the Air 
will ruſh into the Barrel, and ſo will now be rarefied in 
the Ratio of C to C 1, or of 1 to — and ſince 
this is the Ratio of the Rarefaction by every Exſuction, 
tis evident it will be the common Ratio of a Geometri- 
cal Series of Rarefactions produced by the ſeveral Turns 


of the Winch, viz. The Series 1: EST, 2 
+1] Ti N 5 


the Series, which therefore as it expreſſes the laſt Rare- 
2 TEIN 
faction, will be equal to R, that is, R 3 . 


3. Hence from the known Property of Logarithms we 


23 


have LR=N XL. EEL=NxLTFi—L. C; 


. a 
» L. CTI I. C N Wherefore if C 7, 


a2 15 that 


* 


Therefore if the Number of Turns in chis particular 


* 5 0 
©» ” - , a " 
- 
”” 7 
4 | 
: 
* * 7 
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that is, if the Capacity of the Receiver .be''equat 
to that of the Barrel, we ſhall-have N 7 Con. 
ſequently, if R/expreſs any Degree of Rarity propoſed, 
as 1, 2, 3.4 5, 6, Sc. we have N the Number of 
Turns or Exſuctions to effect it. 


4. And from hence the following Taple is con- 
ſtructed ; in which the firſt Column expreſſes the ar 


. 


of the Air in the Receiver, and the ſecond the N 


of Turns to produce it. | 8 

Lo |Number e Number of „ . |Nu | 

f i f 5 | Eno a 0 0b 

I 1 60 | 55907 900 f 0,814 | 

Lats $. bi on 64 | ©. 1000 |; 9,966 | 
3 |. 1,585.]. 70 6, 129 1024 10. 

| - 4 |, 2:7 +.|..80' 6, 322 2000-| 10,966 | 
5 . 2,322 90 | 6,492 | 2048 | 11. 

| © |, 2,585. 100 | 6,644 | 3000 |. 14,551. 
1 2,807 128 [ 7: 4000 | 11, 966 

sis g. 200 7,644 4096 12. 
9 |. 3-170 | 256 | S8. | 5000 12,288 

. - 3,322 300 | 8,229 | 6000 12,551 
1 8 


| 400 | 8,644 | 7000 | 12,973” 
20 4,322 | 50 | 8,966 8000 171 
30 4, 90 512 9. | $192 P © 
32 5. 600 9,229 | gooo 13,136 
40 35322 700. 9,451 


— 5 * 


5, From this Table we may obſerve, that if an 
Numbers in the firſt Column be taken in Geometri 
Progreſſion, .the correſponding Numbers of the ſecond 
will be in Arithmetical Progreſſion. Thus againſt 2; 4, 
8, 16 in the firſt, you ſee 1, 2, 3, 4 in the ſecond Co- 


lumn. 
6. When the Capacity of the Receiver exceeds that 


of the Barrel, then the Number of Turns N to pro- 
duce a given Rarefaction R vill be greater than before. 


Caſe, 


10000 c 
50 L 5,044 800 9,644 | 16384 | Th | 


8.5. 
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Caſe, which let us call u, be multiplied by ſome Num- 


her m, it will produce a Number of Turns N that ſhall - 
affect the Rarefaction R in any Receiver propoſed. Now 


ſince n = E = ſhall have nX m = 1 = 
D n 
„ 

LTH He 


7. From hence a Table of Multipliers expreſſing the 


Value of n, when the Receiver is in any given Pro- 


portion larger than the Barrel, is eaſy to be conſtructed. 
Of which the following is a Specimen. Y 


, 


8. By means of theſe two Tables, thoſe who know 


nothing of Algebra may find how many Turns are ne- 
ceſſary to rarify the Air in the Receiver to any given 
Degree, when the Ratio of the Receiver's Capacity ta 
that of the Barrel, is known. For Example: Let the 
Receiver be 10 tines as big as the Barrel, and let it be 
required to find how many Turns of the Winch will 
rarify the Air 100 times. Firſt ſeek the Number that 
wilt do it when the Receiver is equal to the Barrel; 
which I find by the firſt Table is 6 Turns, and 644 


Parts of 1000 of another. Then, againſt 10 in the 


O 3 ſecond 


Capacity Capacity Capacity | 
of Re- Multiplier. of Re- [Mulriplier., of Re- Multiplier. 
cei ver. cei ver. cei ver. 
I I. |. 20 | 14,207 300 [208,204 
2 1,710 | 30 | 21,139 | 400. [277,605 
3 2,409 40 | 28,071 | 500 346, 920 
4 | 3106 |. 50 | 35,003. | 600 416,235 
5 3,802 60 | 41,934 | 700 [485,549 
4497 | 70 | 48,866 800 554, 864 
7 | 5,191 | 80 | 55,798 | goo [624,179 
8 5,885 | go | 62,729 | 1000 [693,494 | 
| 9 | 6,579 | 100 | 69,661 on | 
10 | 7,273 | 200 [138,976 il . 
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if T multiply 6,644, I ſhall have a 


Common Pump is proportional to the Quantity of Air 


to the Quantity of Air remaining in the Receiver ; 2 


have elſewhere ſhewn. Therefore the Spaces are in- 


% 


PNEUMAT ICS. 


* 


ſecond Table, I find the Multiplier 1076 by w 


which will expreſs the Number of Turns al. 
9. The Aſcent of the Quickſilver in the age of the 


drawn out, eithe: upon the Whole, or upon any fin 
Turn of the Winch: And the Deficiency from ge 
Standard Altitude of 29 Inches is always p e 


may be eaſily deduced from what has been ſaid of the 


Denſity, Spring, and Preſſure of the Air. 
10. The Gage of a C er will have the 
unpoſſeſs d of Quickſilver at the End in Hor. 


monical Proftortion : For fince equal Quantities of Ai 
are injected by the Syringe at each Stroke of the Piſton, 
the Quantity of Air in the Condenſer will increaſe in 
Arithmetical Progreffion, and fo. will its Denſity, and 
of courſe the Denſity of that in the End of the Gage, 
becauſe the Quickfilver is preſſed on each Side-equally; 
but the Spaces diminiſh as the Denſities increaſe, as we 


ver ſely as a Series of Terms in Arithmetical Progre and 
pv A hr —— Mufical Proportion; r Ar: this is 
— of Mufical Terms will be ſhewn in Anna. 


— 


— — 
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De Docfrine 1 Ws and SOUNDS. 3 


Of WiNnD 2, edna.” The Tazory of 
Winds by Dr. HALLEY, Of the-conflant, 
or General TRADE WIN DSO]! of the Mor- 
SOONS ; the Cauſe of VARIABLE WiNDs., 
Of AxRIAI Tipzs. Of the VELOCITY 
of Wind, Of the MOMENTUM or FORCE 
of Wind. A CALCULATION thereof, and 
its APPLICATION fo theSa1Ls of @WIND= 
MiLL. The be FoRM and Pos1T10N of 
the SalLSs. A CALCULATION of the 
FoRCE of BELLOwWSs in impelling W1ND. 
A new Invention -of WATER-BELLOVs. 
The Nature of SounD in general. The 
SENSATION of SOUND. The ORGAN OP 
HEARING deſcribed. Of the Waves or 
PULSES of AIR. Their various PROPER= 
TIES explained, The NEWTONIAN Doc- 
TRINE of VIBRATIONS and TREMORS of 
SOUNDING BODIES explained. The Waves 
of WATER accounted for. Of the VELo- 
CITY SOUNDS. The DISTANCE 70 
which they may be heard, Of Echo's. 

O4 » Of 


. 
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Of the SPEAKING" TRUMPET of the be 

Form. Of, OTacovsTic INSTRUMENTS, 

Of 7he Nor E, TONE, or TUNE SOUND. 

Of CoxcorDs and DIsCoRDs; the RA. 

TIONALE,of the DiaToxIc SCALE of 
Music. The Mathematical THEORY of 

| Mus1caL CHoRDs, and of HARMOxNMHCd 
P oORTIONSs. Of the Sympathetic Vi- 
BRATIONS of MUSICAL STRINGS, ahd 

: other Bodies, 


—_ x. 


N 


IN this Lecture I ſhall conſider the Na- 
f ture of WIND and SOUND in general; 
and of the Vibrations of Muſical 
Strings and Sonorous Bodies, with regard. to 
the Science of M USIC. 
WIND is a Stream or Current of Air: 
As the Air is a Fluid, its natural State is 
that of Re, which it endeavours always to 
keep or retrieve by an univerſal Equilibrium 
of all its Parts. When, therefore, this na- 
tural Equilibrium of the Atmoſphere hap- 
pens by any means to be deſtroyed iþ any 
Part, there neceſſarily follows a Mon of 
all the circumjacent Air towards that Pyrt 
to reſtore it; and this Motion of the N 
what we call Wind (XCVII). "Hg 
(XCVIT) 1. I ſhall bags give the principal Phat 
wenn of the Wind, as they are deduced from 1 1 


Halley's admirable Hiſtory thereof in the Philoſophif 4 
Tronſactin „ 


-— hah 
\ 
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HENCE, with reſpect to that Place where 
the - Equilibrium of the Air is diſturb'd, we 


201 


ſee 


Tranſactions, and illuſtrate the ſame by his Map of the 
World drawn up for that Purpoſe. 

2. The firſt, is, That in the great Pacific or Weſtern 
Ocean, the Atlantic and Ethiopic = there is a general 
Eaſterly Wind all the Year long, withotit any conſi- 
derable Variation; excepting that it is ſubje& to be de- 
fected therefrom ſome few Points of the Compals. to- 
wards the North or South, according to the Situation 
of the Place, The Reaſon is, becauſe the Parts under 
the Equator are more heated and rarified than any 
others, as above mentioned. | 


Plate 
XXXI, 


3. The Second is, That on each Side the Equator, 


to about 27 or 30 Degrees, the Wind does more and 


more decline from the Eaſt to the North-Eaſt on one 


Side, and South-Eaſt on the other; occaſion'd by the 
two contrary Motions of the Air, ariſing from Heat and 
Cold, as above explain'd. Theſe Winds are indicated 
by the Poſition of the Arrows in the Atlantic and Pacific 
Ocean in h m | | 

4. Towards the Caribbee Iſlands, on the American 
Side of the Atlantic Ocean, the aforeſaid North-Eaſt 
Wind becomes ſtill more and more Eaſterly, fo as 
ſometimes to be Eaſt, ſometimes Eaſt by South, but 
moſtly Northward of the Eaſt a Point or two, ſeldom 
more, It is likewiſe obſerved that the Strength of theſe 
Winds does gradually decreaſe as you fail to the Weſt- 
Ward. : 

6 10 along upon the Coaſt of Africa on the Weſtern 
Side, the Wind ſets in upon the Land from various 
Points of the Compaſs, North-Weſt, Weſt, South by 
Weſt, South-Weſt, and almoſt South, eſpecially to- 
ward the Cape of Good-Hope, all which is eaſily . in 
the Map. | 

6. In the Atlantic Ocean, towards the North of the 
Line, between 4 and 10 Degrees of Latitude, and 20 


and 30 of Weſt Longitude, there is a Tract of Sea 


where the Winds are not properly ſaid to be conſtant or 
variable; for it ſeems to be condemned to perpetual 
; Calms, 


— — 


— —— — ——— — . x ĩ ͤ— — 
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/ Winds and Soumns, 
ſee the Wind may blow from every 


Point 


- of the Compaſs at the ſame time; and 


with turbulent and boiſterous Weather, 
Whirlwinds and Hurricanes; with Ram, 


thoſe who live Northwards of that Point 
have a North Wind; thoſe who live South. 
warde, a South Wind; and ſo of the reſt: 
But thoſe who live on the Spot, where all 
thoſe Winds meet and interfere, are oppreſſed 


Tempeſt, Lightuing, Thunder, &c. Por 
Sulphureous Exhalations from the South, Tor- 


rents of Nitre from the North, and aqueous 


Vapours from every Part, are there confuſedly 
huddled and yiolently blended together; and 
rarely fail to produce the Phænomena above» 
mentioned, 


Many 


Calms, attended with terrible Thunder and Lightning, 
and Rains, fo frequent that our Navigators from hence 
call this Part of the Sea the Rains, as by others they 
are called the CaLms and ToRnADOEs, as in moſt of 
our common Maps. The Reaſon of this ſeems to be, 
that this being the Place where the Eaſterly and Weſter- 
ly Winds commence, the Air is divided and held as it 
were in Equilibrio between both; by which meags-it is 
render'd more rare than the reſt, and too light to ſu- 
ſtain the Vapours raiſed into it, ſo that it lets them de» 
ſcend in continual Rains. See the Parting of the Air in 
the Map, 

7. In the Indian Ocean the Winds are partly Gene» 
ral, as in the Atlantic and Ethiopic Oceans; and partly 
Periodical, that is, ſuch as blow one Half of the Year 
one Way, and the other Half of the Year near upon 
the oppoſite Points: And theſe Points and Times of 


ſhifting are different in different Parts of this Ocean, 


Theſo 
3 


Of Wb and Sounvs. 


Many are the particular Cauſes Which 


produce Wind by interrupting the Equi- 
poiſe of the Atmoſphere; but the moſt ge- 
neral Cauſes are two, viz. HEAT, which, 
by rariſying the Air, makes it /ghter in ſome 
Places than it is in others; and Co Lp, 
which, by conden/ing it, makes it heavier, 
Hence it is, that in all Parts over the Torrid 


Zone, the Air being more rarified by a 


greater Quantity of the Solar Rays, is much 
lighter than in the other Parts of the At- 
moſphere, and moſt of all over the Equa- 
torial Parts of the Earth. And fince the 
Parts at the Equator are moſt rarified 
which are near the Sun; and thoſe Parts 


are, by the Earth's diurnal Rotation E. 


ward, continually ſhifting to the Vi; it fol- 


lows, - 


Theſe Winds are called by Seamen Monſons or Men- 


ſoons. 
8. Between 10 and 30 Degrees, from Madagaſcar 


to New-Holland, the gen Trade-Winds about 


South-Eaſt by Eaſt are found to blow all the Year long 
in the ſame Manner, and -for the ſame Reaſons as in 
8 Oceans above-mentioned. 1 4 
uring the Months of May, June, Fuly, „Sep- 
tember, Other, the aforeſ- cid 8 Rigs 3+ Waal _ 
to within two Degrees of the Equator ; after this, for 
the other fix Months, the contrary Winds ſet in, and 
blow from the North-Weſt from the Latitude of 3 to 
10 Degrees South. 
10. From about three Degrees South Latitude, over 


all the Arabian and Indian Seas and Gulph of Bengal, 
from Sumatra to the Coaſt of Africa, there is another 


Monſoon, blowing from Oclober to April on the w_— 
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lows, that the Parts of the Air which lie 


on the Ve Side of the Point of greatgſ 
ic; Rare. 


Faſt Points; but in the other Half-Year, from April 


to October, from the oppoſite Points of South-Weſt 
and . Weſt-South-Weſt, and that with rather more 
Force than the other, accompanied with dark rainy 


Weather, whereas the North-Eaſt blows clear. 


11. The Sea between Madagaſcar and Africa, and 


Southwards to the Equator, is ſubject to the ſame C 


of Wind, or Monſoons, whoſe Courſe from April to 
October is South-South»Weſt ; which, as you go more 
Northerly, becomes more and more Weſterly, till at 
laſt they fall in with the Weſt-South-Weſt Winds 
mentioned in the laſt Articles, What Winds blow the 
other Half-Year in thoſe Parts, the Doctor could not 
obtain any ſatisfactory Account of ; only that they were 
Eaſterly, and as often to the North as to the South- 


ward thereof. | 


12. To the Eaſtward of Sumatra and Malacca, on 
the North Side of the Equator along the Coaſt of Cam- 
bia and China, the Monfoons blow, and change at the 
fame Times as before; only their Directions are much 
more Northerly and Southerly than the others, as is eaſy 
to obſerve in the Map, Theſe Winds reach to the 


. Philippine Iſtands Eaſtward, and to {pan Northwards; 
oints as the others 


and are not ſo conſtant to their 
above mentioned, 

13. Between the ſame Meridians, on the South Side 
the Equator, from Sumatra to New Guinea Eaſtward, 
the ſame Northerly and Southerly Monſoons are obſer- 


ved; only the Northerly are here North-weſterly, and 


the Southerly blow from the South-Eaſt. They are 
not more conſtant than the others ; and beſides, they 
keep not the ſame Times, but change a Month or fix 

Weeks later. | 
14. The Shifting of theſe contrary Winds, or Mon- 
ſoons, is not all at once; and in ſome Places the Time 
of the Change is attended with Calms, in others with 
variable Winds, and particularly thoſe of China, at 
ceaſing to be Weſterly, are very ſubject to be tempeſtu- 
| | | ous 5 
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meet it, have leſs Motion than thoſe Parts 
on 


0 


dus; and ſuch is their Violence, that they ſeem to be 


of the Nature of the Ve- India Hurricanes, and render 
the Navigation of thoſe Parts very unſafe at that Time 
of the Year, Theſe Tempeſts the Seamen call the 
Breaking up of the Monſoons. Bit Ty 

15, The Cauſe of - the :Monſoons, or © periodical 
Winds, is owing to the Courſe of the Sun Northward 
of the Equator one Half of the Year, and Southward 
the other. While he paſſes through the ſix Northern 
Signs of the Ecliptic, the various Booties of Arabia, 
Perſia, India, and China are heated, and reflect great 


| Quantities of the Solar Rays into the Regions of the 


ambient Atmoſphere, by which Means it becomes 
greatly rarified; and has its Equilibrium of courſe de- 
ſtroyed; to reſtore which, the Air, as well from the 
Equatorial Parts Southwards, where it is colder, as 
from the colder Northern Climes, muſt neceſſarily have 
Tendency or Motion towards thoſe. Parts, and 10 pro- 


duces the Monſoons for the firſt fix Months, during 


which Time the Heat of thoſe Countries is greateſt. 
16. Then for the other ſix Months, the Sun tra- 

verſing the Ocean and Countries towards the Southern 

Tropic, while in the fix Southern Signs, cauſes the Air 


over thoſe Parts to be now moſt heated and rariſied 3 


and conſequently the Equatorial Air to alter its Courſe, 
or the Winds to veer quite about, and blow upon the 
oppoſite Points of the Compaſs. 1 713 

17. Theſe are the general Affections of conſtant and 
regular Winds; none of which are found not ſub- 
ject to ſome Variation and Exception, on account of the 
different Circumſtances of Heat, Cold, Land, Water, 
dituation, &c. concerning all which I ſhall refer the 
Reader to the Doctor's own large hiſtorical Account of 
the Winds, publiſhed in the Tranſactions, or. Miſcel- 
lanea Curioſa, Vol. I. 1 39;) | | 

18. From what has been ſaid, tis eaſy to underſtand, 
that ſince ſo large a Portion of the Atmoſphere as 


18 
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on the Eoft of the faid Point, which follow 
it; and therefore the Motion of the EN. 

| 8 


is over the Torrid Zone, and Parts about it, is in 
ſuch continual Agitation and alternate Motion, thoſe 
Agitations in an elaſtic Fluid muſt extend every way 
to a great Diſtance, and produce Effects of the ſame 
Kind in a various Manner; by which means the Air 
in all other Latitudes and Climes will ſuffer a Pertur- 
bation more or leſs and have x perpetual Fendency to 
Motion in various-Dire&ions, depending on the Situa- 
tion of Country, the Degrees of Heat and Cold in the 
Climate, the Poſition of Hills, Vales, &c. befides 
what may be owing to the Accenſion and Exploſion of 
Meteors, the Eruption of ſubterranean Air, and a 
hundred other Cauſes; I ſay, from all this it is eaſy to 
infer, that our Climate, wherever «ve live, muff nece 
rily be attended with variable Winds, almaſt perp 
19. I thall only add * that ſince - — 
here is a gravitating fluid Subſtance, it mu 
bs the — Far e ry Sun and Moon, 1 2 
as of the Earth: and therefore when the Influence of 
thoſe Luminaries, either fingly or conjointly, is oppo- 
fite to that of the Earth, the ſame Effects muſt follow 
in the Body of fluid Air, as we' have ſhewn were 
uced in the ambient Fluid of Water, viz. that the 
Atmoſphere ſhall be of an oblong Figure, or of diffe- 
rent Altitudes in different Parts; and that theſe Tides of 
Air have nearly all the ſame Affections with thoſe of 
the Ocean before explain'd, excepting only in this, that 
they muſt be as much greater as the — of Water 
exceeds that of Air, vix. in the Ratio of 860 to 1. 
20. Now becauſe of an Equality of Preſſure or Weight 
in the Atmoſphere in unequal Altitudes of Air, we ca 
never be ſenſible: of an Aerial Tide, either of Ebb of 
Flood, by the Barometer ; and can only know it by the 
Poſition of the heavenly Bodies. However as this pro- 
digious Protuberance of the Atmoſphere is conſtantly 
following the Moon, it muſt of courſe produce a Mo- 
tion in all Parts, and ſo produce a Wind more or leſs to 
every Place, which, as it conſpires with, or is oppoſe 
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Air would prevail againſt that of the 


* 


iff Wind, if this were all the Effects of 
chat Raręfactian. But we are to con- 


Equator, and all about the Poles great- 
ly condenſed by emweme Cold, this hea- 
vier Air from either Pole is conftantly 
flowing towards the Equator, to reſtore the 


Levity of the Air over thoſe Regions: 
Hence, in this refpe& alone, a conſtant 
North and South Wind would be generated 
(XCVIII). 5 8 | 

#2 0 Now 


to the Winds ariſing from other Cauſes, makes them 

greater or leſs, And I believe ſomething of this may 

be deduced from Obſervations made of the State of the 

Air at the Times of the New and Full Moons. And that 

this was the Caſe in reſpect to the two laſt great Storms, 

27 Mead has obſerved in his Tract De Imperio Solis 
unde. . g 


(XIII) 1. I find by Experience, that People have 
in general but an obſcure Idea or confuſed Nation of 


Weſt, or of a conſtant Eaſt Wind under the Equator ; 
therefore in order to elucidate this Matter, I ſhall repre- 
ſent it in, and explain it by, a-Figure. Let CBADE 
be Part of a Section of the Atmoſphere over the Equa- 
tor, C the Eaſt, E the Weſt; A the Point to which the 
dun 8 is vertical, and R the Point of greateſt Rarefac- 


conſequently lighteſt, 


here are ſo greatly rarified over the 


the Cauſe of this perpetual Current of Air from Eaſt to 
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£ 


Plate 
XXXII. 
Fig. 1. 


tion, or that where the Air is moſt of all heated, and 
2. That 
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| Now it is eaſy to underſtand, that by a a 
Compoſition of theſe two Directions of the | 


2. That this Point R is on the Eaſtern Side of the 
| Point A is not difficult to be conceived, When whit.is 
ſaid concerning the Tide in Annot. LXXXIV. is well 
Plate conſidęr'd. And becauſe the Air at R is by Suppoſi- | 
XXXII. tiom lighter than where it is colder at C and , it is 
Fig. 1. plain that, in order to maintain an Equilibrium, (which | 
is neceſſary in a fluid Body) the Air by its 
Weight will have a Tendency from C and D towards 

R, and riſe to a Height there greater than at C or D, g 

in Proportion as its Denſity is leſs, e. 

3. Now this being the Caſe, it is evident, the Sun 1 
f 

] 

( 

( 

( 


| being always between the Points R and D, will be 
| | heating the Air on that Part; and thoſe; Regions be- 
tween R and C, having been deſerted by the Sun, will 
grow cold: Conſequently, the Air between C and R, 
as it is colder, will likewiſe be heavier than that between 
R and D which is hotter, and ſo will have a greater 
Momentum, or Quantity of Motion, towards the Point 
R; and ſince this Point R is conſtantly moving after. 
the Point A Weſtward, the Motion of the Weſtern Air 
towards it will be in Part diminiſhed by that Means; 
and being alſo inferior in Quantity to the Motion of 
the Eaſtern Air, the latter will prevail over it, and be 
_ conſtantly. following the ſaid Point R from Eaſt to 
Weſt, and thus produce a continual Eaſi Wind. 
. 4. It may perhaps be here ſaid, that though the Mo- 
tion of the Air be leſs from D to R, yet it is ſomething, 
and ſo the e ought to be a Weſtern Wind, at leaſt in 
ſome Degree, and to ſome Diſtance Weſtward of the 
| Point R. To which I anſwer, That the Nature ol a 
= Fluid will not permit two contrary Motions to reſtore or 
' ſuſtain an Equilibrium, (IL mean in regard of the whole 
Body of it) for wherever one Part of the Fluid is deter- 
| mined to move, all the reſt muſt neceſſarily follow it; 
| otherwiſe the Equilibre of the Air would be-deſtroyed 
in one Part, to make it good in another; a Delect 


which Nature cannot be guilty of. Thus we ſee the 
| Tides 
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Air from the ;Eaft and North, a conſtant 
North-Eaft Wind will be generated in the 
Northern Hemiſphere, and a conflant Saut h- 
Eat Wind in the Southern Hemiſphere, to 


a certain Diſtance on each Side the Equator, 


all round the Earth. And this Caſe we 
find to be verified in the General Trade 
Winds, which conſtantly blow from the 
North-Eaft and South-Eaft, to about 30 De- 
grees on each Side the Equator, where thoſe 
Parts are over the open Ocean, and not af- 
fected with the Reflection of the Sun- beams 


from the heated Surface of the Land; for 


in this Caſe the Wind will always ſet in up- 
on the Land, as on the Coaſt of Guinea, and 
other Parts of the Torrid Zone, we know it 
does (XCIX). 

As 


Tides of the Ocean always follow the Courſe of the 
Moon from Eaft to Weſt, without any Motion of the 
Waters from the Weſt towards the Moon, in the o 
Oceans: And the Point R can only be 8 
the Aerial Tide, or Flood of High Air; and has nearly 
the ſame Phænomena with aqueous Tides. | 
5. This being clearly underſtood, all the reſt is eaſy ; 


for no one can Fa it difficult to conceive how the cold 


Air from each Pole muſt neceſlarily ſet in towards the 
Equator directly, where meeting, and interfering with 
the Eaſtern Current, it does with that compound a new 
Direction for the moving Air, which lies between both 
the former viz. a North Eaft Current on the North 
Side, and a South Eaſt one on the South Side: All 
which naturally reſults from the Doctrine of the Compo- 
ſition of oblique Forces, (See Annot, XXIV.) 

(XCIX) Mr. Clare, in his Motion of Fluids, has a 
very pertinent Experiment for illuſtrating this Matter. 

Vol. II. P | It 
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As the Motion of the Air has a greater 
or leſſer Velocity, the Wind is Aronger or 
weaker ; and it is found from Obſervation, 
that the Velocity of the Wind is various, 
from the Rate of 1 to 50 or 60 Miles per 


Hour (C). | 


Tuvs 


It is thus: Let there be a very wide Diſh or Veſſel of 
Water, in the Middle of which is to be placed a Water. 
Plate fill'd with warm Water; the firſt will repreſent 
the Ocean, the other an Iſland rarifying the Air above 
it. Then holding a Candle over the cold Water, blow 
it out, and the Smoke will be ſeen to move towards the 
warm Plate, and riſing over it will point out the Courſ 
of the Air from Sea to Land. And if the ambient Wa- 
ter be warmed, and the Plate fill'd with cold Water, 
and the ſmoaking Wick of a Candle held over the Plate, 
the contrary will happen. Gat 
(C) 1. The Experiment to prove this, is to chuſe 
a free open Place, where the Current of Air, or Wind, 
is not at all interrupted, but flows uniformly, or as 


much ſo as the undulatory State of the Atmoſpherewill 


admit; in ſuch a Place, a Feather, or ſome very light 
Body, is to be let go in the Wind, and then by a Half 
Second Watch, or Pendulum, you obſerve _ to 
what Diſtance it is carried in any Number of Half. 
Seconds; or in how many Half-Seconds it has paſs d 
over a given or meaſur'd Space; this will give the Rat 
of Velocity in the Wind per Second, and of Courſe pe 
Hour. AR r GH Rs 
2. The late Rev. Dr. Derham, who was moſt accu- 
rate in making Experiments cf this Sort, approves of 
this Method before that of the Mola aluta or preumatica 
invented by Dr. Hook (of which ſee an Account in the 
Philoſophical Tranſafioms, Ne 24.) And he tells us (in 
Ne 313.) that he thus meaſured the wr of the 
Wind in that very great Storm of 1705, Angſt 11, 
and by many Experiments he found, that it was at 
the Rate of 33 Feet per Half-Second, or of 45 _ 
our; 


£ 
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Tavs much may ſuffice, for a general 
Account of the Nature and Origin of Winds : 


Hour ; whence he concludes, that the moſt vehement 
Wind (a that of 1703 in November) does not fly at the 
Rate of above 50 or 60 Miles per Hour; and that at a 
Medium the Velocity of Wind is at the Rate of 12 or 
15 Miles per Hour. OR ORs . . 
3. And ſometimes the Wind is ſo ſlow as not to ex- 
ceed the Velocity of a Perſon riding or walking in it; 
and in that Caſe, if the Perſon goes with the Wind, 
he finds no Wind at all, becauſe there is no Difference 
of Velocity, or no relative Wind, which is that only 
that we are ſenſible of whilſt in Motion; the Reaſon 
which we ſee in Annot. XX. 
4. The beſt Method, that I know of, to bring the 
Force of the Wind to a Mathematical Calculation and 
Certainty, is by the following new contrived ANEM9g- 
ScoPE, of which I had the firſt Hint from the late inge- 
nious Dr. Burton. ABC DEF G Hl is an open Frame 
of Wood, firmly ſupported by the Shaft or Poſtern I. 
In the two Croſe Pieces HK, L M, is moved an hori- 
zontal Axis QM, by Means of the four Sails a6, cd, 
ef, gh, in a proper Manner, expoſed to the Wind. 
pon this Axis is fixed a Cone of Wood; MN Q ; upon 
which, as the Sails move round, a Weight 8 is raiſed by 
a String on its SupScies, proceeding from the ſmall 
to the Jargeſt End NO. Upon the great End or Baſe 
of the Cone is fixed a Ratchet-Wheel i, in whoſe 
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Teeth falls the Click X to prevent any retrograde Mo- 


tion from the depending Weight. | 
5. From the Structure of this Machine, *tis eaſy to 
underſtand, that it may be accommodated to eſtimate 
the variable Force of the Wind, becauſe the Foree of 
the Weight will continually increaſe, as the String ad- 
vances on the conical Surface, by acting at a greater 
Diſtance from the Axis. And therefore, if ſuch a 
Weight be put on, on the ſmalleſt Part at M, as will 
juſt keep the Machine in Egquilihrio with the weakeſt 
Wind; then as the Wind becomes ſtronger, the Weight 
P 3 wall 
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| We proceed now to the Doctrine of Sond, 


We know by the Experiment of the Bet fl | 
ſ s | in 
will be raiſed in Proportion, and the Diameter' ROY 
| Baſe of the Cone NO may be fo large in Compariſon : 
of that of the ſmaller End or Axis at M, that the 4 2g 
eſt Wind ſhall but juſt raiſe the Weight to the great 


End. a * f | | 

6. Thus for Example, let the Diameter of the Axis Wl 5 
be to that of the Baſe of the Cone NO as 1 to 28, 
then if S be a Weight of one Pound at Mon the Axis, it 
will be equivalent to 28 1b. or 3 of an Hundred, when 
raiſed to the greateſt End. If therefore, when the I 
Wind is weakeſt, it ſupports 1 1b, on the Axle, it muſt 
be 28 times as ſtrong to raiſe the Weight to the Baſe | 
of the Cone. Thus may a Line or Scale of 28 equal tc 
Parts be drawn on the Side of the Cone, and the 
Strength of the Wind will be indicated by that Number to 
5 therein from which the String ſhall at any time hang. 
7. Furthermore, the String may be of ſuch a Size, . = 
and the Cone of ſuch a Length, that there ſhall be 16 
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4 Revolutions of the String between each Diviſion of the I 
| Scale on the Cone; ſo will the Strength of the Wind 

8 be expreſs'd in Pounds and Ounces. And if re 
i Exactneſs be required, let the Periphery of the Cone: 8. 
Baſe be divided into 16 equal Parts, then whenever the 

j Equilibrium happens, the String will leave the Conic th 
+ Surface againſt one of thoſe Diviſions, and thus ſhey as 
: the Force of the Wind to a Dram Averdupois Weight. th 


| 8. Having premiſed thus much relating to the Struc- 

ture and Nature of the Inftrument, I ſhall now proceed 
to a more particular Examination of the Theory. of 
| | Wind-Mills, by re-aſſuming what we have formerly 


| 
| 
ſaid on that Head (See Aunotat. XLV.) Therefore le 
Im (parallel to the Axis QM) =a, repreſent the whole | 
| Force of the Wind on the Sail ; this Force is reducedto 
| In, and this again to » o, which acts normally to the 
ik Axis, and turns the Sail. . Alſo we have ſhewn, that, 
; putting n = x, this Force which turns the Sail is t- bo 


| 3 
preſſed by —.— and that when it was a Maximun 
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in the exhauſted Receiver, that Sound has 
a neceſſary Dependance on the Air; and 


rv a2 =aY >; andthe Angle Imn= 54 44" 
, | 3 3- | a N : 9 *1 . - * , 0 
9. Hence we obſerve, that when the Mill is in its 

&s 5 BNA a® 

greateſt Perfection, In = a E = e 

284. if 2 hence the whole Force in the Direction 

In is to — ſame reduced, in the Direction In, as 


2. 4 Fa. 2 . . 
In to [n*, or as a* 5 or as I to —, Viz. as 3 


K 3 = > 


to 2, 8 | | N 
10. Again, the whole Force in the Direct ion Im is 
to the ſame a ſecond Time reduced in the Direction x 9, 


** x N 2 * p | Mages 
that is, as a* to aa, / 22 as 


TLS 2 2 18 | 
1 to 71 nearly; or, the Foree thus 


reduced is to the whole Force as 5 to 13, when the 


as a* to 


Sails are poſited in the beſt Manner. 

11. Now in order to determine the abſolute Force of 
the Wind, we muſt compare it with. that of Water, 
a follows. Since Air and, Water are both Fluids, if 
they move with equal We their Effects in a 
given Time will be as the Quantities of Matter, that 
is, (putting the Roman Letters for thoſe Particulars in 


S FFT SR AN LNB 


| 


7. of Water, and Italicts for the ſame in Air) if VS, 
erly then E: E:: M: H. But in equal Quantities of 
e let Matter, viz, M = M, their Effects will be as the 
hole Squares of the Velocities, viz. E: E V.: V (ee 
d to Anot, XLIX. 17.) Therefore, when neither the Ve- 
- the locity, nor Maſles of Matter are known, the Effects 
that, will be in a given Time in a Ratio compounded of 
zer- both; that is, E: E:: MV: Hy. 

i 12. But we have ſhewn M: M:: DB: DP, (See 


Amit, L VI. 9.) therefore E: E DBV: DN in 


3 a given 
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if we reflect on the Nature of the Particles 
of a. ſonorous Body and thoſe of Air, we 
| ſal 


a given Time. Let us now ſuppoſe B ; then be. 
. cauſe D: D :: 860 : 1, (See Annot, LXXXIX. 6,) 
we have E: E #;'860 V* = : Vs; and laſtly, if we ſup- 
poſe the Effects to be equal, vis. E = E, then we have 
860 V*=F*, Therefore if we put V = 1, we have 860 
Va; and ſo = 860 = 29,326 ; that is, Te Vi. 
locity of Air ought to be ſomewhat more than 29 Tima 
greater than that of Water to firike a given Surface with 


* 


the ſame Force. | 

13. Indeed Mr, Belider makes / = 25+, becauſe 
he has ſtrangely miſtaken the ſpecific Gravity of Air to 
be —, inſtead of =, on which Account all hi 
Calculations on this Head are very faulty. If V denotes 
any equable Velocity of Water, the Height H of a Fall 
neceſſary. to produce that Velocity is thus found, As 


2: Vis (Hv, Hz or thus, A 1024: 163 


. 1 : * A 
* H= 702 64 or putting V = 1, we have H= 


45 Now a cubic Foot of Water, whoſe Height is 1, 
ſtrikes with a Force = 62,5 B.; therefore the Force of 
a Column, whoſe Height is H, ftriking againſt a — 
face of one Square F oot is 62, 5 H — _ or = = 


* 7 


when the Velocity is not given. 7 — 

14. But (by 4. 12.) V. gg there f 
* _ 62,5H = 0,976 1b. the Force of a Stroke of 2 
Column of Water whoſe Velocity is V = 1, and of Ait 
whoſe Velocity is / = 29,3, and Height H of 3 
Foot ; therefore X 0,976 = 0,00113 V. will be 


860 
conſtant Multiplier to reduce the Force of Ten 


T 


K — — — 0 


Of WinDs and Sous. 


ſhall find that Sound is nothing but the 
Propagation of the Tremors and Vibra- 


tions 


ing with any Velocity J, on any given Number of ſquare 
Feet or Area A, to Pounds Averdupois Weight. For 
Example, ſuppoſe the Velocity of the Wind at the 
Rate of 20 Feet per Second; here = 20, and = 
400, and 0,00113/* = 0,00113 & 400 = o, 452 of a 
Pound on a ſquare Foot; and therefore on 16 ſquare 
Feet it will be 4,52 .; on 100 ſquare Feet it will be 
45,2 1b. ; on 1000 452 {b.; and ſo on. 

15. Hence, to compute the Force of Wind on the 
Sails of a Mill, we proceed as follows : Admit the 
Length of a Sail be 30 Feet, and Breadth 6 Feet, the 
Area or Surface will 5 180 ſquare Feet, and 4 X 189 
= 720 ſquare Feet, the Area of the 4 Sails; then ad- 
mitting the Velocity of the Wind the ſame as before, 
viz. 20 Feet per Second, the Force on each ſquare 
Foot is 0,452, and therefore o, 452 & 720 τ 325, 44 1b, 
This is the abſolute or whole Force of the Wind blow- 
ing directly on the Sails: But ſince when the Sails are 
ſet right, this Force is diminiſhed in the Ratio of 13 


to 5, therefore = X 325,44 = 12 $417 15. 


16. Suppoſe the Diſtance from the Axis Q, to each 
Sail be 5 Feet, then will the Diſtance of the Centre of 
Gravity PQ be 20 Feet; therefore 20 X 125, 17 


2503,4 16. the mechanical Force of the Wind on the 
Sails per Second to produce the Effects within the Mill, 


which may be computed as in the Example of the Wa- 
ter-Mill, Annot. XL iV | * f 

17. To repreſent theſe Things more generally, let 
A S Area of all the Sails, / Velocity of the Wind; 


then o, oo 13 V, A = abſolute Force, which multiplied 


by : is 0,000435 N A = Force reduced by the oblique 
Poſition of the Sails. Now ſuppoſe 'a Weight W 
hanging from an uniform Axle; whoſe Semidſameter is 
a, keep the Sails in Eguilibrio with the Force of 
Wind; then D being the Diſtance of the Center of 
| P 4 re. Gravity 
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Of Wirps and Sounds, 
tions of the former impreſs'd on the latter. 
to the Tympanum or Drum of the Ear, by 
Gravity of the Sails, we have D din W: 0,000435 
Wd | 

72 A= F — TD: | 7— 

18. But becauſe, when the Machine is in its greateſt 


Perfection, the Weight it is charged with is but 3of 


W, (See Annot. XL.) therefore S WX 5-1 re 


0,000193 Vi Ar P; then putting 7 =0,000193, we have 
rV* A=P, the reduced Force for the greateſt Effect; 


and; A, the Area or Surface of the Sails; and 


laftly, / * I, the Velocity of the Wind, which 


therefore may be found by having A and P given. 
19. Let + WZ w, the Velocity of which Weight 
let be ; then 3 V Velocity of the Centre of Gravity 


of the Sails: then 2 X P = Nu, whence any one of 


the four Terms may be found, the reſt being given. Alſo 


Plate 
XXXII. 


Fig. 3. 


1 V. A, or 3uw=rFV* A; whence again 


FRE 


arty one of the four Quantities A, V, w, u, may be 
found, the others being known, See farther on- this 
Subjet my New Principles of GEOGRAPHY and Na- 
VIGATION. | we 
20. Since the Force of the Machine is as A NH 
P, it will be a Maximum when A XD is greateſt, the 
Velocity of the Wind remaining the ſame; and it A 
be given, the Maximum will be when D is greateſt of 
all. Hence it appears, that if we are not confined to a 
given'Diſtance from the Axis Q for adjuſting the Sails, 
we may diſpoſe the given Surface A into the F orm of an 


ä e Triangle in each Sail, viz. ſuch as A B C P, in- 


ſtead-of the equal Parallelogram Sail a bc 4 in common 
Uſe; for in- the Triangular Sail the Center of Gravity 


is at P, and its Diſtance is Q; whereas in the Rec- 


tangular 


I-22. 


,- 
— 8 
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me Action of whoſe Membrane they are 


communicated to the Air in the internal 


Cavities 


angular Sail 4 be 4 the. Centre of Gravity is in the 


middle Point p, and its Diſtance is Qp, much leſs than 
before. WF) | 

21. For Example, let ab = 6 Feet, and bc = 30; 
then the Area A =. 30 Feet ſquare, Let QD equal 5, 
then is Qp = 20 ='D, and AXD= 600. But in the 
Triangular Sail the Diſtance QP = 35 =D, and there- 
fore AX D = 1050. The Force therefore of the ſame 
Wind upon the ſame Quantity of Sail, at the ſame Diſ- 


tance QD from the Axis, in the Friangular Sail AB 


CD is to that on the common Sail ab cd as 1050 to 
boo, that is, QP 35 to Q = 20, or as 7 to 4, which 
therefore is nearly twice as great. The Truth of all is 
evident by Inſpection of the Figure, and Aunot: XXXV. 
8, 9. 1: 56 | 
: 4 I ſuppoſe it was ſome Conſideration of this Kind 
which led Mr. Parent to propoſe Sails in Form of Ellip- 
tic Sectors; for the Centers of Gravity in them alſo are 
removed to about two Thirds of their Length, and are 


moreover better adapted to fill a circular Space when 


placed oblique to the Wind, ſo that no Wind be loſt 
when you would take in all that falls on a given Space 
or Area, But for what Reaſon he ſhould declare the 
tranſverſe Poſition of the common Sail to be more ad- 
vantageous than the longitudinal one, I am at a Loſs 
to gueſs. However, às I have not ſeen any thing he 
has wrote on the Subject, I ſhall ſay no more of the 
Matter. "a 

23. As it would be endleſs to recount all the various 
Uſes which are or may be made of» this moſt uſeful uni- 
verſa] Element of Air, both for Natural and Mechani- 
cal Purpoſes ; I ſhall content myſelf with ſetting before 
the Reader the Theory of that molt uſeful domeſtic In- 


ſtrument the BeLLOWws, by whoſe Means the Action 


of Fire, or Intenſity of its Heat, may be increaſed to a 
prodigious Degree. And for this Purpoſe I ſhall have 
recourſe to Dr. Hales's Statical Eſſays, Vol. H. P age 


329, where we find the following Computations, 
24. The 
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Cavities of the Ear, PT IO the Auditory 
Nerve receives the Impreſſion, and ex- 
Cites 


24. The Doctor meaſured the upper Surface of * 
Pair of Smith's Bellows, and alſo the Space th 
ſcended through i in a Second of Time; by wh 14 
found the Quantity of Air expell'd in that Time was 
495 cubic Inches in its compreſs'd State. Now to find 
what Degree of Compreſſion it ſuffer'd, he fix'd a Mer. 
curial 25 to the Noſe of the Bellows, and found the 
Force of the compreſs'd Air fiiſhcient to raiſe the Mer- 
cury ane Inch high, at a Mean. Hence it appear d, that 
the Force with which the Bellows impell'd Air into the 
35 ire was 0 of the Weight of the Atmoſphere. 

Hence alſo it follows, that the Air driven thro' 

loſe of the Bellows in one Second was more than 

45 a Inches by 35 Part of that Quantity, viz, by 16,5 
nches, which added to the former make 511 Inches 
of common Air. To find the Velocity with which this 
Air was impelled, he meaſured the Area of the Orifice 
of the Noſe, and by that divided the 495 Inches, which 
gave for the Quotient 825 Inches, or 68, 73 Feet, for 
the Length of the Cylinder of Air Which Aab per Se- 
cond thro the Noſe of the Bellows ; which prodigious 


Velocity of Air acting conſtantly on the elaſtic re- acting 


Particles of Fire muſt immenſely increaſe their inteſtine 
Motion, and proportionably augment the Heat, which 


conſiſts therein, and from which all our — 1 


this Kind are derived. 

26. The Doctor efichudes with a Quaryy 
if the Force with which'the Air is xp the Bel- 
lows into the Organ Pipes were taken in this Manner, 
we might not eſtimate the Velocities of the Undulations 
of Air required to form the various Notes or Sounds! 
The RRC of undulating Air to that of Water be- 
ing as their Denſities invetſely, nearly, viz. as Wen to 
1, as will be ſhewn farther on. 

27. Mr, Martin 1 of Sweden has lately a 
bited a new Invention fot producing a continual Stream 
of Air, to blow the Firt of great For ges, Founderies, 


Oc. and which may properly be call'd | Waren-Bu- 
LOWS; 


* NLF OH 


Ber ͤ¶¶ͤ BESS SA a6 a. 
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cites the Senſation in the CoM MON SEN 


$0RY in the BRAIN (CI). 


Lows; for the Contrivance is two hollow Bellform 
Veſſels, ſuſpended from the Ends of a Lever, which 
is put into Motion by a Stream of Water running into 
two Troughs, both uniting or joining. rather at the 
Stream, ſo that only one at a Time can receive the Wa- 
ter; which running to the. larger and wider End, laid 
over the End.of — does by its Weight carry the 
Lever down on that Part, till by deſcending the Water 
all runs out; and then the other Trough (which was 
filling in the mean time) preponderates, and forces 
down the other End of the Lever; and thus the Ma- 
chine is conſtantly kept in Motion. 
28. When one Arm of the Lever is raiſed, the Bell 
or Bellows hanging from it will be raiſed above the Sur- 
face of the Water (in which the Machine is placed) that 
it may be fi d with Air. Upon the Deſcent of the Le- 
ver, the Bell (by Weight: afix'd to it) deſcends into 
the Water, by which Means the included Air.is greatly 
compreſs'd, and thereby farc'd to paſs through a lon 
ſmall leathern Tube, going from the Top of the Bell 
to other metalline Tubes, which conyey it to the Fire. 
Thus, by means of theſe two librating Bells, a con- 
ſtant Blaſt of Wind is ſupplied, whoſe Velocity may be 
increaſed or diminiſhed by proper Contrivances, which 
the Reader may ſee in the Philoſophical Tranſadtions, to- 
gether with a Print of the Engine, 
(CI) x. The Structure of the EAR, with its admir- 
able Apparatus to conſtitute an Organ of Hearing, is well 


worth the Attention of every Man. The external Part 
is adapted for taking in a large Portion of the tremulous 


Air, which is reflected ſtrongly by a fine, elaſtic, tre- 
mulous Cartilage, and by this means it is convey' d more 
denſe and elaſtic to the intexior Cavity, or Concha of 
the outward Ear, oe th bs n 

2. The free, hollow, elaftic Aperture of this Cavity, 
conſtructed: with proper Muſcles, is by that Means ca- 
pable of being expanded, contracted, and every Way 


adapted to receive the various Tremors of the „ 
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Fon che Parts of a. ſonorois Body, being 
put into Motion by Percuſſion, do vibrate 
5 2 


And moreover it is ſo diſpoſed, that it is able more 
to unite and condenſe, or more laxly to diſperſe or ra- 
rify, the ſame aerial Rays, ſo as to accommodate itſelf 
for attemperating a Sound too ſtrong, - and-augment- 
ing it when too weak, as Occaſion requires. 
3. The Meatus Auditorius, conlifting partly of a car- 
tilaginous and partly of a bony Pipe, conveys the Sound 
towards the interior Parts, and the Obliquity of the 
Canal mcreaſes the Superficies, 'and conſequently mul. 
tiplies the Points of Reflection. Moreover, the trian- 
ular . Tongue, by its elaſtic tremulous 
exture, and erect Poſition in the Hollow of the Cuncha, 
Juſt over the Orifice of the Auditory Paſlage, - cauſes, by 
an egregious Mechaniſm, that all the Rays of Sound 
which arrive at the Ear ſhall enter the ſaid : and 
prevents their ine out again by any Reflections what- 
ſoever. Its tubulous cylindro-elliptical Figure, by a 
ſerpentine Progreſs firſt aſcending, then deſcending, and 
then aſcending again till it terminates in the Membrane 
of the Tympanum, increaſes the Reflection and Sound, 
and cauſes that all the ſonorific Rays ſhall at laſt fall 
united upon the central Point of its End; hindering 
at the ſame time all Senſation of a confuſed and-clango- 
rous Sound, | 45 
4. The Membrana Tympani, or fine Membrane at 
the End of the Meatus Auditorius, is ſo obliquely ex- 
tended acroſs the Paſſage, as above to make an obtuſe 
Angle, and below. an acute one with the ſaid Meatus. 
| Hence the Surface is increaſed, and render'd more ca- 
It. pable of tremulous Concuflions, and of, concentering 
at the Rays upon its middle Point. | 
5. This Membrane being expanded upon and con- 
need with the bony Margin of the Meatus, is on the 
| fore Part (towards the 7 ) concave, and convex 
| behind or on the internal Part, where it is applied to the 
| | Handle-Part of a little Bone, call'd the Malleus or Ham- 
mer, whoſe Head is moveable in a bony Sinus on one 
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ſmall Spacks, by their claftic Quality. la 
| 1 this 


part, and on the other it is articulated with another little 
Bone call'd the Incus or Anvil, which freely moves in 
that Articulation; and on the other End it is again ar- 
ticulated with a little -orbicular Bone, and with the 
Stapes or Stirrop, which on its Baſe Part is connected 
to a Membrane ſpread over the Foramen Ovale or ellip- 
tic Hole of another bony Cavity call'd the VeRibulum. 
6. Bat as it will be impoſſible to give in Idea of this 
wonderful Conſtruction without a Print, therefore let 
AB be the external Ear; C its Concha, or Cavity; DE 
the Meatus Auditorius, which in Length is 71 Tenths 
of an Inch, in Breadth 3, and in Depth 4. G is the 


22 


Membrana Tympani, h the Handle of the Malleus; k the 


Incus, and i the orbicular Bone; the Stapes, and r 
the Ve/tibulum hollowed out of the Os Petreſum, in the 
Cavity of the Labyrinth. | | 
* the Veſtibule we obſerve the following por- 
ticular Conſtruction of Parts. On the larger Part are 
three ſemicircular Canals or Conduits O, P, Q, which 
communicate by five Orifices with the Cavity of the 
Veſtibule ; they are of a bony Subſtance, and of an el- 


liptic Cavity. The leſſer Part of the Veſtibule com- 


municates with the Cochlea, or ſpiral Fabric 8. 


8. This wonderful Part merits particular Notice, and 


is therefore repreſented by itſelf in two Figures; where- 
in is ſhewn the bony conical Canal S T, making 21 Re- 
volutions round a bony Cone from the Baſe to the Apex 


T. This ſpiral Cavity is, from the Baſe S to the Top T, 


divided by a tranſverſe Septum, or Partition, of a triangu- 
lar Figure, repreſented by Z X. This on its Baſe Part 
adhering to the Cone is bony (which is ſhewn by a, a, a,) 
and is of an elaſtic tremulous Texture, and exceeding 
ſmooth or polite. The exterior Part b, b, b, is of a 
membranaceous nervous Texture, whoſe Chords or 
Fibres lie as repreſented in the Cut: It is connected 
with the bony Baſegon one Part, and with the Canal on 
the other, ſo that t 


vided 


e ſpiral Duct of the Cochlea is di- 


Fig. 2, 3. 


q--* 
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this Action they affect the Particles of Ar 
contiguous to them, and compel them up. 

; * 


vided into two equal Cavities without any Communi. 

cation with each other; though the Orifice of the ſu- an 
perior Cavity opens into the Vęſtibulum, and the other Ve 
is ſhut cloſe by the Membrane of the Foramen Ovale. 

9. The Auditory Nerve V enters the Veſtibule by m⸗ 
ſeveral little Holes as at 8, and forms a curious Lini re 
or Tapis all over the inſide Surface both of the Veſti. : 
bule and its Semicircular Canals O, P, Q, "Thee to 

3 Nerves alſo paſs into the Cochlea, and entering between wh 
the two Membranes of the triangular Zone, or Septun, cis 
ZX, do there divide, and branch themſelves out into 
an exquiſite membranous Expanſion on each Side the bY 
ſame, which thus becomes the more immediate Organ St 
of Hearing. — an 

10. This Cavity of the Veſtibule is always fill'd with m: 
an elaſtic Air, though there appears no viſible Way by ſo1 
which it can enter. Alſo the Labyrinth or Cavity of w] 
the Drum is fill'd with common Air, 4 means of the me 

ri an 
an 


Euſtachian Duct or Tube, as MN ; the Orifice M open- 
ing into the Mouth, and N into the Cavity of the La- 
rinth. „ 

4 1. Having thus premiſed a Deſcription of the ſeve- in 
ral Parts, we ſhall the better apprehend how Sounds I 
are excited in the Mind. Thus the Pulſes of Air en- c 
tering the Meatus Auditorius D E are condenſed by va- pe 
rious Reflections through the Paſſage to their Incidence th 
on the Membrana Tympani at G, which is render'd more Se 
or leſs concave, or lax and tenſe, by the Handle hof ye 
the Malleus, actuated by its proper Muſcle. By this as 


Means the Air contajn'd in the Labyrinth is admitted, | 
expell'd, compreſs'd, or rarified, according as the Au- tic 
fachian Tube is opened or ſhut. 
' 12, The Membrana Tympani G being thus adapted B 


for receiving the Sounds of tremulous harmonic Bodies, th 
and modulating the internal Air of the Labyrinth, can or 
eaſily communicate the Impreſſions to the Incus &, which 0 


tranſmits them to the Os Orbiculartii, this to the — by 
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on the firſt Impulſe to move forwards al- 
ſo; and thoſe propel the next, and ſo on, 
* T7 


and that to the Membrang of the Feramen Ovale of the 
Veſtibulum r. i | 


13. This Membrane, by ſuch an Apparatus of Parts, 


may be intended or remitted. in infinitely different De- 


gre, ſo as to become adapted for the Tremors of every 


ort or Degree of Sound; and for communicating them 


to the internal Air, which affects the Nerves every 
where expanded over its.internal Surface, but more eſpe- 
cially the nervous Expanſion of the Cochlea. | 

14. For here, as we have ſhewn, the Fibres of the 
Septum Tranſverſale, b, b, b, are contrived like ſo many 
Strings of an Harpſicord, of various decreaſing Lengths, 
and different Octaves, that ſo ſome or other of them 
may be of a proper Length to be in Concord with the 


ſounding Body, or to tremble with the ſame Vibrations, 


which by means of the Nerves are convey'd to the Com- 
mon Senſory in the Brain, where the Mind perceives 
and diſtinguiſhes the infinite Differences of harmonious 
and diſcording Tones. 4 
15. Thus, tho' we are admitted to view the amaz- 
ing Mechaniſm of the Organ of Hearing, yet can we 
0 but a general Notion of the Manner in which theſe 
enſations are produced, or of the particular Functions 
performed by every Part, and the ſpecial Uſes to which 
they are ſubſervient, in the general Execution of this 
denſe ; with reſpe& to which there remains many things 
yet to be enquired after, even by the learned Boerhaave, 
as we find in Page 250 of his [n/titutes, which ſee. 


16. From this Account of the Ear, we have a Solu- 


tion of ſome Difficulties ; as, Why the Ear is affected 
with great Pain in going down into the Sea in a Diving- 
Bell : Why People generally open their Mouths when 
they liſten with great Attention: Why Deafnefs enſues 
on a Rupture of the Membrane Tympani, or from an 
Obſtruction of the Euſfachian Tube: Why we hear 
but one Sound with two Ears. But how ſome People 
taking Smoke into the Mouth can emit it by their Ears, 


is 
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to a very conſiderable Diſtance, , accqrding 
to the Intenſity of the percuſſive Force. Jy 
this Means the Particles of Air are com- 
preſs'd nearer together, than in their natu- 
ral State. go 1 

Bur when the Particles of the ſonorou 


Body make the ſecond Part of the Vibration 


by returning back again, the Particles of Air 
alſo, by their repulſive Power, repel each 
other towards. their proper Places, and thus 
again expand themſelves, 1 
No ſince Motion once generated in ela- 
tic Bodies continues ſome time before it can 
be deſtroyed by the Reſiſtance and Coun- 
teraction of contiguous Bodies, it follows, 


that the Particles of the ſonorous Body, and 
_ conſequently thoſe of the adjacent Air, have 


for ſome time a reciprocal vibratory Motion, 
by going . forwards and backwards through 
very ſmall Spaces in an indefinitely ſmall 
Particle of Time ; which Motion gradually 
decreaſes, till it be totally deſtroyed: (CI). 
FRO 


is not eaſy to anſwer, there being as yet no Perforation 
of the Membrana Tympani diſcovered ; though this ſeems 
a plain Demonſtration that there is one or more, though 
not perceptible. to-the Eye. : 

(CII) 1. The Doctrine of Sounds is the moſt intr- 
cate and perplex d of any thing we find in Philoſo- 
phy; and perhaps this is the only Subject which the 


_ greateſt of Men has (in his Principia) treated in 3 
| Manner 
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FRoM the Nature of a Fluid, whatever 
Motion is generated in any one Particle, it 
| 18 


Manner not quite ſo phyſical and mathematical as the 
Nature of the Thing required. I ſhall refer the Reader 
to the Commentaries of Meſſ. Ze Seur and Facquier on 
the Principia, where they will find Sir Iſaac Newton's 
Hypotheſis relating to the Motion of the Particles of an 
elaſtic Medium to be fallacious; and other Methods 
propoſed, by which the Newtonian Doctrine of Sound 
is reftored; I ſhall here add an Explication of ſuch 
Phenomena only, as are of principal Concernment, and 
at the ſame time pretty eaſy to be underſtood. | 
2. Let ABC be an elaſtie String or Chord, fixed 
in the Points A and C, and drawn out of its natural 
right-lin'd Situation A B C. Such a Chord, in its State 
of Tenſion, will, when let go, return to its natural 
Reſort, not only to its natural Situation AD C, but 
with the Motion it there has will go on to E, ſo that 
DE is nearly equal to BD; and from thence it will 
return again nearly to Bz which Motion from B to- 
wards E, and from E towards B, will be reciprocated 
a great Number of Times before the Chord will come 
to a State of Reſt: And each Motion through the Space 
BE is called a Vibration of the Chord. 275 
3. When the Chord begins its Motion at firſt from 
B, it ſtrikes the Particle of Air contiguous to it in B, 
and that will by its Approach towards the next affect 
it, by means of the repulſive Power, which keeps 
mem all at equal Diſtances from each other; and ſo 
on, through ſuch a Number of Particles as can receive 
the Motion while the String moves from B to D. Let 
A, B, C, D, E, F, G, &c. repreſent ſuch a Series 
of Particles of Air at an equal Diſtance, and = firſt 
Particle A contiguous to the middle Point B of ſuch a 
String, and agitated by it in its Motion. | 
4. The String beginning to move, all the Particles 
A, B, C, will begin to move forwards alſo ; and fince 
this Motion is propagated in Time, let E be the re- 


moteſt Particle moved while the Chord is moving from 


Vol. II. 22 B to 


123 


Plate 
XXXII. 


Fig. — 


{ 
J 


ds —— I ——<_—_———— 
» < * — 


226 


1s by that Particle communicated equally 
to all around it, as from a Centre; conſe. 
; | quently 


B to D; during which Time the Chord, having an 
accelerated Motion, will cauſe the Particles to approach 
each other with an accelerated Motion likewiſe ;. and 
becauſe thoſe accelerated Approaches begin at A and 
reach to E, in the Time the Chord is going from B̃ to 
D, therefore the Diftance A B will be leſs than BC, and 
this leſs than C D, and that leſs than D E, and the Di- 
ſtance E F will begin to be leſſen'd when the String is 
arrived to the Site A D C, and the Particles A, B, C, 
D, E, F, Sc. will have the Arrangement repreſented 
in the ſecond Line. b 

5. But now the Chord, having acquired the Situa- 
tion A D C, will be no farther accelerated, but on the 
contrary retarded, as it will now go on from D to E; 
the Effect of which upon the Particles of Air before it 
will be as follows. They will all go on forwards tilt 
the Chord comes to E, and the Particle A to its Situa- 
tion in the third Line: But ſince the Force upon A be- 
gins to abate as the String begins to move from D, the 
elaſtic Force now between A and B will, by acting both 
Ways, continue to accelerate the Motion of B, and 
retard that of A. Thus the Diſtance B C will ſtill dimi- 
niſh till B come to be nearly equidiſtant between A and 
C; and C will be accelerated till it be equidiſtant be- 
tween Band D; and ſo on. So that as the Aceclera- 
tion is continued forwards, the Diſtances will diminiſh 
towards F; and by the Time the Chord is arrived at E, 
the Particles E E will be at their neareſt Diſtance. Aud 
ſince the Motion of A is continually retarded, it win 
loſe what before it had gained in the ſame Time; and 
will - therefore now be at the ſame Diſtance from B as 
at firſt nearly. So that the Particles from A to G will 
have the Situations as repreſented in the third Line. 

6. The Chord, now returning from E to D, gives 
Liberty to the repulſive Power between A and B to ſe. 
parate them to a greater Diſtance than in their natural 
State, and which: they at preſent have, By this means 


all the other Intervals B C, CD, DE, E E, y 
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quently the Tremors of the founding - 
Body will be propagated all around from 

| the 


alſo increaſe, and become fucceffively greater than the 
natural Diſtance; but that Exceſs will be leſſer in 
each till you come to FG, which will be equal to Ane 
natural Diſtance, at preſent between A and B. The 
Motion at the ſame Time continuing in all che Partieles 
from H to N, they will all move forwards, and the pre- 
ſent contracted Interval between H and I will Tucceed be- 
tween all the reſt, till it arrives to the Particle N, when 
the Interval M N will be the ſame as at preſent is HI. 
And thoſe Particles beyond N to 8, will, by the precedin 
ones; be put into the ſame reſpective Diſtances, but in 
an inverſe Order; as thoſe have between G and N. And 
the whole Series( now the String is at D) will have the In- 
tervals of the Partieles reſembling thoſe in the 4th Line. 
7. The Chord not ſtopping at the Situation A D C, 
but going on towards AB C with a retarded Motion, 
the Velocity of the contiguous Particle A will alſo be 
retarded and become leſs than that of B; upon wich 
the Diſtance between them will be leſſen'd, and the 
more ſo as the String approaches to B. Hence al the 
Intervals, now dilated beyond their natural State, will, 
by Degrees, contract; but gradually flower, till you 
come to F, where the preſent largeſt Interval betwean 
A and B will be found between Fand G, and that be- 
tween A and B will have acquired its natural Extent 
when the Chord is arrived at B. Then likewiſe the Par- 
ticles from G to N will acquire the ſame Situation as thoſe 
now have between A and G; and from N to 8; the 
ſame as now is ſeen between G and N; and from 8 for- 
wards, the ſame as is now before the Particle N, the 
Point S being now the middle Point of Condenſation; 
all which is clearly ſeen in the 5th Tine of the Figure. 
8. Thus the Condenſation which began at A, by the 
firſt Part of the Vibration, was propagated to G by the 
ſecond, from thence to N by the third, and laſtly to 


8 by the fourth Part of the whole Motion of the String 
in going and returning; and this Extent of Air, thus 
agitated by the Chord in going and returning, is called 
22 


by 
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the 'Point of Percuſſion, as a Centre, in 
concrutric hollow Superficies or Shells ꝙ Air 


which are not improperly called Aeria, 


Point where any Impreſſion i is made, in an) 


Pulſes or Maves of Air: Analagous to 


which are the circular Waves | generate 
on the Surface of Water all around the 


Manner or Direction whatſoever (CIIII. 
e lh Ae 1 84 t 3 Tas: 


= Sir ace * a Neve or Pale of Air: In which 
Wave the Particles from A to N are in a dilated State, 
and from N to X in a contracted or condenſed State; 
which two Parts of the Wave anſwer to the concave 


and: convex, or low and high Part of a watry Wave. 


9. As the Chord goes on to make another Vibration, 
it will not only continue to agitate the Air at preſent 
in Motion, but will ſpread the Pulſation of the Air as 
much farther, and by the ſame Degrees as before; and 
the like will happen after every compleat Vibration of 
the String. Thus the Air being a fluid Body, andthe 
Impreſſion made on any one Part affecting all the Par- 
ticles alike around it, 'tis plain, thoſe Pulſes will be 
propagated in every Direction all around in concentric 

Aerial Shells or ſpherical Waves of Air. 

10. That the Motion of the Pulſes in an elaſtic Me- 
dium is analagous to that of Waves generated in the Sur- 
face of ſtagnant Water, is evident, when we conſider 
that the Condenſation of the Parts of the elaſtie Me- 
dium is in Lieu of the Elevation of the Water; the 


| . elaſtic Force effects the ſame in the Medium as Gravity 


Plate 
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does in the Water, and the denſeſt Parts of the Pulies 
correſpond to the higheſt Parts of the Waves. Where- 
fore as there is ſo great an Afﬀinity between theſe two 
Phenomena, it will be requiſite, - before we go farther, 


to explain the Nature and Properties of aqueous Waves, 
which will therefore: be ſhewn in the next Annotation. 
(CIII) 1. Sir Iſaac Newton explains the Nature of 


Waves in Water after the following Manner. Let Ab 
all 
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THESE Pulſes. or Waves of Air are af- 
feted with the following Properties, viz. 
pI al I. They 


and C D be the Surface of Water quieſcent in the up- 
right Legs K L, MN, of a recurved Tube. And if 
the Water be put into Motion, and aſcends in the Le 
KL, toEF, it will deſcend in the Leg MN to G H, 
ſo that EF=G H. Again, let PV be a Pendulum vi- 
brating in the Cycloid RP S; its Length VP, from the 
Point of Suſpenſion to the Centre of Oſcillation, is 
equal to half the Length of the Water in the Tube; 
let P be the loweſt Point, and PQ an Arch of the Cy- 
cloid equal to the Altitude A EE. 
2. The Force by which the Water is alternately ac- 
celerated and retarded in its Motion in the Tube, is 
the Exceſs of the Weight of Water in either Leg above 
the Weight in the other; and therefore when the Wa- 
ter in the Leg K L aſcends to E F, and in the other Leg 
deſcends to & H, that Force is equal to the Weight of 


the two equal Quantities of Water A EF B4-CG HD - 


=2AEFB ; and therefore is to the Weight of the whole 
Water as E A to VP, or as PQ to PR, becauſe the 
Semi-cycloid P R is equal to the Length of the Pendu- 
lum which deſcribes it, from the Nature of the Curve. 

3- Alſo the Power by which the Weight P is in any 
Point Q accelerated or retarded in the Cycloid, is to 
its whole Weight as the Diſtance PQ from the loweſt 
Point P to the Length of the Semi-cycloid PR. Where- 
fore the moving Forces of the Water and Pendulum, de- 
icribing equal Spaces AE, PQ, are as the Weights to be 
moved; and therefore, if the Water and Pendulum are 
at firſt quieſcent, thoſe Powers will move them equally 
in equal Times, and cauſe that they go forwards and 
backwards together, with a reciprocal Motion. All 
waich is eaſily deduced from what has been ſaid of the 
Nature of che Cycloid, the Motion of heavy Bodies, 
and the Forces of Bodies in Motion. 


4. Hence it follows, that whether the Diſtance AE 


be great or ſmall, the Reciprocations of the Water will 
be all performed in equal Times, Alſo it follows, that 
it the whole Length of the Water be 78,4 Inches, each 


3 Reci- 
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I. They are propagated all around" in a 


Spherical undulatory Manner (as 1 faid but 


now ;) and that not only from the tremu- 
lous Body, but from the Holes in any 
Obſtacles they meet with: Whence it 
e uk; that one and the ſame Sound 


Reciprocation, or Aſcent and Deſcent of the Water, 
will be performed in one Second of Time; becauſe a 
Pendulum of half that Length vibrates in that Time, 
Laſtly, If the Length of the aqueous Canal be increaſed 
or diminiſhed, the Time of each Reciprocation will be 
increaſed or diminiſhed i in the ſubduplicate Ratio of the 
Length. 

5. When the Nature of Waves in Water is conſider- 
ed, it will be found to agree very nearly with the Mo- 
tion of the Water in the Tube above mentioned; and 
conſequently their Motion will be ſimilar to that of a 
Pendulum. For let E F G repreſent the level Surface 
of | Water when it is not agitated ſo as to produce 
Waves ; when it is thus agitated, let A, B, C, D, re- 
preſent the wavy Surface; A, C, the higheſt Parts of 
the Waves; and B, D, the Toweſt or concave Part, 
Then ' tis evident the Weight of the Water at A above 
FG will cauſe it to deſcend as far below the Level to 
B; and with the Motion acquired by that Deſcent, 
it will again aſcend to the fame Height C, and ſo pro- 
duce a conſtant Succeſſion of Waves in the watry Sur- 
face, after the ſame Manner as was ſhewn in the Tube. 

6. Hence it follows, that, becauſe the Length of 
the whole Water to be moved is from the higheſt Point 


A to the loweſt Point B, if the Length of a Pendulum 


be AB, it will ofc: late once while the Water de- 
ſcends from A to B; and in another Oſcillation, it will 
aſcend from B to C, and ſoon. So that a Wave will 
paſs thro? its whole Length i in the Time of two Ofcilla- 
tions; and therefore in the Time of one Oſcillation of 

2 Pendulum four Times as long, or equal to ABC. 
7. Whence 
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may be heard by ſeveral Perſons, in any dif- 
ferent Situations with reſpect to the ſound». 
ing Body, if not at too great a Diſtance, _ 

II. The Denſity of theſe aerial Pulſes de- 
creaſes, as the Squares of the Diſtances from 
ihe ſounding Body increaſe : For ſince the 


Force or Motion in each Shell is the ſame, 


it muſt decreaſe as the Number of Particles 
increaſes in each Shell: But this Number 
of Particles is as the Superficies of the 
Shell, which is as the Squares of the Dia- 
meter or Semidiameter of the Sphere, that 
is, as the Diſtance from the ſounding Bo- 
dy. Hence the Diſtinction of Sounds in- 
to bud and lou, ſtrong and weak, according 
as we are nearer to, or farther from, the 
ſounding 

7. Whence becauſe ABC in very large and wide 
Waves is nearly equal to the Breadth A C; therefore 
when the Waves are 39 2 Inches broad, they will un- 
dulate in one Second of Time; and confequently ſince 
the Times of all the Undulations are equal, there will 
be 39,2X60==2352 Inches, or 196 Feet run thro* by 
a Wave in one Minute, which is 11760 Feet per Hour, 
Hence alſo the Velocity of greater or leſſer Waves will 


be increaſed or diminiſhed in the ſubduplicate Propor- 
tion of their Breadth ; that is, if V = Velocity of 


the greater Waves AB CD, and v = Velocity of the 


leſſer Waves a, b, c, d, e, 5, &c. then it will be V; 


Ur: ITC: Vac. Becaviſe the Velocities and 
Times of Bodies moved in any Manner by Gravity, are 
proportional to the ſquare Roots of the perpendicular 
Altitudes; and thoſe Altitudes are as the Lengths of 
Pendulums, and therefore as the Breadth of Waves, 
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ſounding, Body. 'The utmoſt Limits of 
audib]e Sounds are about 180 or 200 Miles, 
(CIV):;;: axons bu; 


( CIV) I. Let A B C repreſent the ſonorous Body; 
by the tremulous Motion of its Parts, it will agitate 
the Air contiguous to every Point as A, where it will 
be condenſed to a certain ſmall Diſtance, and make x 
Pulſe or Wave of Air in the Manner as has been! 
ly ſhewn ( Annotation CII). The firſt Wave or Pulſe 
will by its elaſtic Power in expanding itſelf produce a 
Second, that a Third, and ſo on; till the impreſſed 
Motion be diffuſed thro* too large a Quantity of Air to 
be any longer ſenſible,,, - . _ 

2. The Quantity of Motion produced by each Tre. 
mor of the ſonorous Body, being communicated ſucceſ- 
ſively to larger Portions of Air, the Part thereof which 
each Particle wiil acquire will conſtantly decreaſe, 
This Decrement of the Motion will be as the Incre- 
ment of the Number of Particles, which is as the Su- 


perficies of the ſpherical Shell; and ſince all Super- 


ficies are as the Squares of their Diameters or Semi-dia- 
meters, therefore the Force in the Particles of the 
Wave or Shell at D is to that in the Particles of the 
Shell at Fas AF* to AD; that is, the Force of Sound 
decreaſes as the Squares of the Diſtances increaſe. 

3- It is plain, the Diſtance to which Sounds may 
be heard will be proportional to the Magnitude or In- 
tenſity of the Stroke made on the tremulous Body 
emitting the Sound ; for the greater that Stroke is, the 
greater will be the Agitation of the Parts of the ſono- 
rous Body, and of courſe the greater will be the Force 
with which they will ſtrike the Particles of Air. Lafth, 
the greater Force is upon the Air, the more ſtrongly 
will it be condenſed and expanded; hence the greater 
will be the Stroke at any given Diſtance on the Drum 
of the Ear, and conſequently the greater will be theDi- 
ſtance at which the Agitation of the Air will be ſenſible. 

4. The Experiments are numerous by which it has 


been found, that Sound is audible to the Diſtance of 
3 50, 
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Ill. All the Pulſes, whether denſer or rarer, 
move with equal Velocaties : This Sir Iſaac 


Newton has demonſtrated 4 priori, and al- 


ſo that this Velocity is at the rate of 1142 
Feet in one Second of Time; which moſt 
exactly agrees with the repeated and moſt 
accurate Experiments of the late Reverend 
Dr. Derbam. The Velocity of Sound is 
therefore near -thirteen times as great as 
that of the ſtrongeſt Wind: And ſince it 
muſt neceſſarily increaſe with the Air's Ela- 
ſticity, it will be greateſt in Summer 
when the Air is moſt heated, and vice verſa 
in the Winter: Alſo, as the Motion of the 
Wind conſpires with, or is contrary to 
that of Sound, the Velocity of Sound will 
be in ſome ſmall Degree augmented or di- 
miniſhed thereby, though not diſcernible 
in Experiments. 


IV. The Interval or Diſtance of te 


Pulſes from each other is the ſame among all 
that are excited by the ſame Stroke : For 
ſince each Pulſe is cauſed: by a ſingle Vi- 

bration 
50, bo, or 80 Miles: But Dr. Hearn, Phyſician 
to the King of Sweden, tells us, that at the Bombard- 


ment at Helmia, A. D. 1658, the Sound was heard to 
the Diſtance of 30 Swediſh Miles, which make 180 of 


ours. And in the Fight between England and Hel nd, 


4. D. 1672, the Noiſe of the Guns was heard even in 
ales, which cannot be leſs than 200 Miles. 
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bration of the ſounding Body, and ſince 
they all move with equal-and uniform Ve. 
locities, *tis plain they muſt ſucceed each 
other at Intervals proportion*d to the Times 
of the Vibrations : but the Times of the 
Vibrations of the ſame Body are all equal; 
conſequently, the Intervals of the Pulſes 
will be ſo too (CV), | | 

V. The 


(CV) x. Sir Iſaac Newton and other Mathemati. 
cians have ſhewn (in a Method too prolix and intricate 
to be here repeated) that if a Pendulum were conſtructed 
whoſe Length was equal to the Height of an homoge- 
neal Atmoſphere, whoſe Denſity is every where the 
fame with that of the Air upon the Surface of the Earth, 
in the ſame Time that ſuch a Pendulum makes one 
whole Oſcillation in going forwards and backwards, 
the Wave or Pulſe of Air will paſs through a Space 
equal to the Circumference of a Circle deſcribed with 
a Radius equal to the ſaid Pendulum, | 
2. Therefore while the Pendulum makes half an Of- 
cillation, or one ſingle Vibration, the Pulſe will moye 
through a Space equal to half the Circumference; 
Whence the Space deſcribed by the Pulſe in the Time 
of a Vibration is to the Length of the Pendulum as the 
Semi-circumference to the Radius, or as the Circum- 
ference to the Diameter, that is, as 3,14159 to 1, 
Now the Length of ſuch a Pendulum is 30100 Feet, 
(as we have elſewhere ſhewn) but Sir Iſaac makes it 
29725 Feet, whoſe Meaſure we ſhall here follow, The 
Circumference of a Circle whoſe Radius is 29725 ü 
186768, the half whereof is 93384 = Space a Pulſe 
paſſes through in one ſingle Vibration : But ſince a Pen- 
dulum 39,2 oſcillates in the Time of one Second, and 
the Times of Ofcillation in different Pendulums are in 
the Subduplicate Ratio of their Lengths ; therefore, ſince 
in 29725 Feet we have 356700 Inches, we mult ſay, 
As / 39,2 * V 3567co :: 1 : 95] Seconds. __ 
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v. The aerial Pulſes are propagated toge- 
ther in great Numbers from different Bodies 
| woitbouf 


that Time the Pulſe _ over Poe Feet ; conſe- 
quently 9571 93384 55 979 Feet = = Space paſs d 
through by a Pulſe in one Second of T 

his then would be the Velocity f the Pulſes, 
were the Particles of Air ſo very ſmall as that their 
Magnitude ſhould bear no ſenſible Proportion to the 
Intervals between them; and alſo if the Medium had 
no Admixture of any other Particles but thaſe of pure 
Air : Neither of which is the Caſe ; for the Particles 
of Air are ſo groſs that they will not paſs through the 
Pores of Glaſs any more than Water; and Sir Iſaac 
N-wton ſuppoſes them to be of the ſame Magnitude 
with the Particles of Water or Salt. If this be ſo, let 
D = Diameter of the Particles, $ = Space or Interval, 
between them; then will $ + D = Diſtance of the 
Centres of the Particles. Let N = Number of Particles 
in the Side of a Cube of Air, then will NS +N D 
Side of the Cube, 

4. Again, let M = Number of Particles of Water 
in the Side of an equal Cube, and M D = Side of 
the Cube of Water ; whence N S$S+ND= MD. 
Then if the Denſity of Air be to that of Water as 1 to 


A, we ſhall have 1: A:: N* : M“; 5 whence 1: A* 22 
N. Mͤ; conſequently, M = N A*. Wherefore * 
it i NS TND MD N DA,, it will be S + D 
= DA”, andS = D X A* — 1; therefore D: 8 22 


4 — 11 whence D: SX D* 1: Al. 
My If therefore A = 860, (as we have _—_— then 


9 nearly; if we F000 A = 1000, then A? = 10. 
i 3 D: 575 9, Or as I : 1o; whence the 
Diameter of a Fate I Air will in ſuch Caſe be to 
tne Interval between the Particles as 1 to 8 or 9. And 
ſuce the Motion is inſtantaneous through the ſolid Par- 
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bration of the ſounding Body, and ſince 
they all move with equal-and uniform Ve, 
locities, tis plain they muſt ſucceed each 
other at Intervals proportionꝰd to the Times 
of the Vibrations: but the Times of the 
Vibrations of the ſame Body are all equal; 


conſequently, the Intervals of the Pulſe 


will be fo too (CV), 
V. The 


(CV) rx. Sir Jſaac Newton and other Mathemati. 
cians have ſhewn (in a Method too prolix and intricate 
to be here repeated) that if a Pendulum were conſtructed 
whoſe Length was equal to the Height of an homoge- 
neal Atmoſphere, whoſe 1)-nſity is every where the 
fame with that of the Air upon the Surface of the Earth, 
in the ſame Time that ſuch a Pendulum makes one 
whole Oſcillation in going forwards and backwards, 
the Wave or Pulſe of Air will paſs through a Space 
equal to the Circumference of a Circle deſcribed with 
a Radius equal to the ſaid Pendulum, | 

2. Therefore while the Pendulum makes half an Of- 
cillation, or one ſingle Vibration, the Pulſe will moye 
through a Space equal to half the Cireumference; 
Whence the Space deſcribed by the Pulſe in the Time 
of a Vibration is to the Length of the Pendulum as the 
Semi-circumference to the Radius, or as the Circum« 
ference to the Diameter, that is, as 3,14159 to 1, 
Now the Length of ſuch a Pendulum is 30100 Feet, 
(as we have elſewhere ſhewn) but Sir Iſaac makes it 
29725 Feet, whoſe Meaſure we ſhall here follow, The 
Circumference of a Circle whoſe Radius is 29725 ü 
186768, the half whereof is 93384 = Space a Pulſe 
paſſes through in one ſingle Vibration: But ſince a Pen- 
dulum 39,2 oſcillates in the Time of one Second, and 
the Times of Oſcillation in different Pendulums are in 
the Subduplicate Ratio of their Lengths; therefore, ſince 
in 29725 Feet we have 356700 Inches, we mult ſay, 
AS \/ 39,2 * V/ 350% %:: 1: 953 Seconds. * 
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v. The aerial Pulſes are propagated toge- 
ther in great Numbers from different Bodies 
without 


that Time the Pulſe dan over 93384 Feet ; conſe- 
quently, 9571 93384 * 1 979 Feet = Space paſs d 
through b y a Pulſe in 4 Second of Time. 

3. This then would be the Velocity of the Pulſes, 
were the Particles of Air ſo very ſmall as that their 
Magnitude ſhould bear no ſenſible Proportion to the 
Intervals between them ; and alſo if the Medium had 
no Admixture of any other Particles but thaſe of pure 
Air: Neither of which is the Caſe ; for the Particles 
of Air are ſo groſs that they will not paſs through the 
Pores of Glaſs any more than Water; and Sir Iſaac 
N-wton ſuppoſes them to be of the ſame Magnitude 
with the Particles of Water or Salt. If this be ſo, let 
D = Diameter of the Particles, S = Space or Interval 
between them; then will $ + D = Diſtance of the 
Centres of the Particles. Let N = Number of Particles 
in the Side of a Cube of Air, then will NS +ND= 
vide of the Cube. 


4. Again, let M = Number of Particles of Water 


in the Side of an equal Cube, and M D = Side of 
the Cube of Water; whence NS + ND = MD. 
Then if the Denſity of Air be to that of Water as 1 to 


A, we ſhall have 1: A:: N* : M“; whence 1 A 5 
N:M; conſequently, M = N Af. Wherefore ſince 
tisNS+ND=MD= NDA,, it will be S + D 
wk and 8 = Dx Ar; therefore D: S + 


; whenceD: S Xx D 1: Al. 
5 If therefore A = 860, (as we * e he then 


9 nearly ; if we n A = 1000, then A = 10. 
** D: 875 0, or as 1: 10; whence the 
Diameter of a 3 'of Air will in fuck Caſe be to 
tne Interval between the Particles as 1 to 8 or 9. And 
ſince the Motion i is inſtantaneous through the ſolid Par- 


ticleg 
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without Diſturbance or Confuſion ; as is ex 
dent from Concerts of Muſical Inſtrument, 
where divers Sounds, of different Interval 


and 


ticles of Air, and they make up = or 2 Part of th, 
whole Space 979 Feet paſs'd through in one Second by 


a Pulſe, therefore to allow for this we muſt add 2. 


109 Feet to the former Sum; that is, 979 + 5 — 
1088 Feet, for the Velocity of Sound per Second. 

6. But ſince the Atmoſphere conſiſts not of pure Air, 
but has an Admixture of Vapours of a different Claſt. 
city and Tone; theſe Vapours will not participate af 
the Motion of pure Air, by which Sound is propagated; 
in like manner as an elaſtic String, if ſtruck, will not 
move another very near it, unleſs it be under the ſame 
Degree of Tenſion, and of the ſame Tone, There 
fore the Quantity of Air producing Sound muſt be di 
miniſh'd in Proportion to the Quantity of Vapour, in: 
given Space; in which Sir Jſaac ſuppoſes the Air is u 
the Vapour as 10 to 1. Whence the Air and Vapour 
together in a given Space is to the pure Air 11 
to 10. e "IN 

7. But the Velocity of the Pulſes will increaſe in the 
Subduplicate Ratio of the diminiſh'd Quantity of Ma- 
ter, that is, in the Subduplicate Ratio of 11 to 10, 
or in the entire Ratio of 21 to 20, (as he has ſhewn, 


Princip. Prop. 48. Lib. II.) Therefore, if we fay, 


As 20: 21 :: 1088: 1142; whence the real Velocity 
of Sound thus inveſtigated from the Nature of elaſtic 
Air by our great Author, is at length found to be 
the Rate of 1142 Feet 10 Second. 1 

8. The Truth and Accuracy of this noble Theor 
have been ſufficiently confirm'd by Experiments, pam 
cularly thoſe made by the late Rev. Dr. Derban, d 
which I ſhall give ſome Account by and by; but wil 
firſt lay before the Reader a View of the different Eſt 
mates made of the Velocity of Sound by ſeveral eminent 
Philoſophers, as in the Table following, = 
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at once, yet with Diſtinctneſs and agree- 
able Conſonance. * 

VI. The Particles of Air, and conſequently 
the Pulſes, ſtriking againſt an Obſtacle, will 
te reflected back under an Angle equal to that 


In | Feet per Second. 
| The Honourable Mr. Roberts, no” 
. The Honourable Mr. Boyle, 1200 
7 Mr. Walker, 1338 
by Merſennus, 3 1474 
i The Academy at Florence, | 1148 
= Royal Academy at Paris, 1172 
Sir Iſaac Newton, Hamſtead, 
4 Wo goed RT. 
* 9. As no Man ever had a better Opportunity, ſo 


none could improve it with greater Diligence, Aſſiduity, 
oy and Accuracy, in determining and ſettling the various 
Phænomena of Sounds, than the ſo often celebrated 

* Philoſopher laſt mentioned. He proved by Experiments 
1 made by the Strokes of a Hammer, and the Explo- 

4 ſion of a Gun at the ſame time, at the Diſtance of a 
1% BY Mile, that the Velocity of Sounds: produced from dif- 
ferent Bodies was the ſame, or came to his Ear in the 
lame Time. | 

10. That the Motion of Sound was equable and uni- 
form, or that it paſs'd through Spaces proportional to 
the Times, he found by various Experiments made by 
the Exploſion of Guns at different Diſtances, as ap- 
pears by the following Table which be has given us: 
Where the firſt Column ſhews the Places at which the 
Guas were fired ; the ſecond the Number of Vibrations 
of an Half-Second Pendulum; the third the Diſtance 
of the Places in Miles, and decimal Parts, as meaſured 
by Tr. nometry; the fourth the Diftances meaſured 
by the Velocity of Sound, admitting it to be at the Rate 
of one Mile every 9 Half-Seconds, 


and various Coincidences, ftrike the Ear 


Ar 


— 
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of Incidence; in the ſame manner as vil 
be ſhewn in regard to the Rays of Lig 
Hence a Repetition of the Sound, heard by the 


At Hornehurch Church; 
North Okendon Church, 


Upminſter Mill, 


Little Warley Church, 
Rainham Church, 
Alvel Mill, 
Dagenham Mill, 
South Neal Church, 
Eaſt Therndon Church 
Barking Church, 
Guns at Blackheath, 


TELLELLI 


11. The great Exactneſs of meaſuring Diſtances by 
Sounds appears from the above Table, as well as the 
Equability of the Motion; but to render this, Matter 


Kill more certain and indifputable, the Doctor took x 


Journey to Foulneſs Sands on the Coaſt of Eſſex, which 
form a large ſmooth Plain for Miles. On this Plain e 
meaſured 6 Miles in a right Line, and cauſing a Gu 
to be fired at the End of each Mile, he found: that hi 


former Obſervations were very juſt and true, and thit 


Sound paſs'd the firſt Mile in 9 Half Seconds, two 


4 


Miles in 183, three Miles in 273, and ſo on to the Eul 


of the fix. 


12. The Academia del Cimento made Experiments d 
this Sort, from whence they concluded, that the Velo 
city of Sounds was ſo far equable, as not to be acctk- 
rated or retarded by conſpiring or adyerſe Winds; but 
in this they led themſelves and many others into a great 
Miſtake, which was owing to their firing Guns at 
near a Diſtance; for in great Diſtances the Differene 
is ſenſible, as will appear by the following Table « 
many Experiments which the Doctor made on the Guns 
fired at Blackheath, at the Diſtance of twelve Miks 
from his Houſe at Upminſter. 


Of Wirxps and Sounds. 
ill direct Pulſes, will be made by thoſe which 


tt, WY are reflected; which is what we call an 

the Echo. 

eck | The 
D. V. mr. u. 

,000 —_ I20 Ag 

4 Hog. Feb. 13. 6 to 12 N. — N. E. by E. 1 

a8 21. 115M — 119 — E.2 

97 1705, Mar. 3o. 10M. — 113 — 8. W. 7 

59 Apr. 2. $5 pM. — 1147 — 8. by W. 1 

557 3. 10M. — 1161 — 8.4 p 

78 5. 1 pM. — 111 — S. W. by W. 7 

80 | 13, 81 M. — 120 — N. by E. 2 

303 24. 5 pM. — 116 — 8. W. by W. o 

61 805. 1.402 pM. 2 W. 1 

555 7 — 115 — W. by N. 2 
29. lot M. — 112 — 8. S. W. 6 

s bf Od. 6. 10 M. — 17 — E. S. E. 1, 2 

; the Now. 30, Noon — 115 — S. S. W. 4 

attet Feb. 15, II M. — 116 — 8. by W. 

ok a 1706, Nov.29, 114 M. — , 116 — 8. W. o 

hich Noon ue 118 — S. W. by 8. 1 

ny Feb. 7. Noon — 113 — 8. W. by W. 4 


ef Sound depends on the Strength of the Wind; for on 
April 
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of Incidence; in the ſame manner as vil 
be ſhewn in regard to the Rays of Light 
Hence a Repetition of the Sound, heard by the 


At Hornehurch Church; 9 | = 0,9875 — 
North Ofendom Church, 184 — 2,04 — 25,000 


1 
Upminſter Mill, , 5 } 2g = 170 
Little Warley Church, 27% — 3,0 — 2, 
Rainham Church, 337 „„ 
Alvel Mill, $3 <= $6$8:51=62 ag 
South Weal Church, 45 — 4,59, — 48 
Eaſt Therndon Church 468 — 5,09, — |, $03 
Barking Church, 7001! —7,7 — 756 
Guns at Blackheath, 116 — 12,5 — 125 


11. The great Exactneſs of meaſuring Piſtantes by 
Sounds appears from the above Table, as well as the 
Equability of the Motion; but to render this. Matte 
Kill more certain and indifputable, the Doctor took a 
Journey to Foulneſs Sands on the Coaſt of Eſſex, which 
form a large ſmooth Plain for Miles. On this Plain be 
meaſured 6 Miles in a right Line, and cauſing a Gun 
to be fired at the End of each Mile, he found that his 


former Obſervations were very juſt and true, and that 


Sound paſs'd the firſt Mile in 91 Half Seconds, two 
Miles in 1832, three Miles in 277, and ſo on to the Ent 
of the fix. | 

12. The Academia del Ciments made Experiments of 
this Sort, from whence they concluded, that the Vel 
city of Sounds was ſo far equable, as not to be accele- 
rated or retarded by conſpiring or adverſe Winds; but 
in this they led themſelves and many others into a great 
Miſtake, which was owing to their firing Guns at wo 
near a Diſtance ; for in great Diſtances the Differene 
is ſenſible, as will appear by the following Table d 
many Experiments which the Doctor made on the Gum 


fired at Blackheath, at the Diſtance of twelve Mies 


from his Houſe at Upminſter. 
BY 1704. Fe 


a7 
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direct Pulſes, will be made by thoſe which 
are reflected; which is what we call an 
EcHo. 


The 
BD: Fibrat. © Wind. 
1704. Feb. 13. 6 to 12 N.— ; 1224 — N. E. by E. 1 
21. 115M — 119 — E. 2 
4705, Mar. 3o. 10M. — 113 — S. W. 7 
Apr. 2. $85 pM. — 1141 — S. by W. 
3. 10M. — 1161 — 8. 4 
5. 1 pM. — 111 — S. W. by W. 7 
13. 81 M. — 120 — N. by E. 2 
24 LES — 116 — _ by W. o 
6z pM. — 115 — W. 1 
pe. 22 + g — 1155 — W. by N. 2 
29. lot M. — 112 — 8. 8. W. 6 
OG. 6. 10 M. — 117 — E. S. E. 1, 2 
Nov. 30. Noon — 115 — 8. S. W. 4 
Feb. 15, II M. — 116 — 8. by W. 
. Fob — 116 — S. W. o 
700. % 29. J Noon — 118 — 8. W. by S. 1 
Feb. 7. Noon — 113 — S. W. by W. 4 


13. In the firſt Column of this Table M denotes the 
Morning, pM the Afternoon, and N Night: Alſo the 
Figures 1, 2, 3, 4, 5, ©, 7, affixed to the Points of the 
Wind in the third Column, denote the ſeveral Degrees 
of Strength with which the Wind blew at the Time 
when the Experiments were made. From this Table 
it is eaſy to obſerve, that in this large Diſtance (of near 
13 Miles) the Velocity of Sound is ſenſibly affected 
with the Current of the Air or Wind; for ſince Black- 
beath lay near S. W by W. from Upminſter, we ſee that 
on April 5, 1705, when there was a ſtrong Wind con- 
ſpiring with Sound, it came in 111 Half-Seconds; 
whereas in Feb. 13, 1704, when the Wind was di- 
rectly contrary, though but a gentle one, the Sound 
took up no leſs than 120 and 122 Half-Seconds in 
paffing the ſame Diſtance. The ſame is confirmed alſo 
by the Experiment on April 13, 1705. | 

14. And it is farther obſervable, that the Acceleration 
ef Sound depends on the Strength of the Wind; for on 

April 
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De Locus of audible Place of Sound, vil 
be there where the Particles of Air firſt be. 
4154 in 1 N 4 4 _ 7” 
a Din 


April 24, 1705, a. S. W. by W. Wind in the loweſt 
Ne permitted the Sound to arrive in 116 Half. Se. 

s; the ſame Wind on Feb. 4, 1706, blowing with 
4 Degrees of Strength, brought the Sound in 113 Half. 
Seconds; and on April 5, 1705, the ſame Wind with 
Degrees of Strength brought the Sound in 111 Half. 
Seconds. The Winds which blow tranſverſely {as on 
April 3, Feb. 15, 1705.) ſeem not to affect the elo- 
city of Sound, it paſſing then in 116 Half-Secon;, 


- which is mean Velocity, as appears by the former Table 


in Article 10. „„ : 
15. The greateſt Difference we here obſerve in the 
Velocity of | £9138 with or againſt the Wind, is 10 « 
11 Half-Seconds, or 5* Seconds; whence 1142 & 6,5 
6281 Feet, which is ſomewhat more than a Mile = 
5280 Feet ; and therefore for every 10 Miles we may 
allow Half a Mile, or 2640 Feet, when the Wind 
blows ſtrongly againſt the Sound, and deduct the fame 
when it ſets with it; and ſo in Proportion for any 
other Diſtance. See a late Diſcourſe on this Subject in 
a Treatiſe entitled, Obſervations A/tronomiques e Ph. 
ſiques, far Don George Juan et Don Antoine De Ulla. 
16. The Velocity of, Sound being determined, the 
Intervals of the Pulfes are known by 1 how mam 
Vibrations the ſounding Body performs in one Second. 
Thus D. Sauveur fund by Experiments, that an open 
Pipe, whoſe Length was about 5 Paris Feet, had the 


| ſame Tone with a String that vibrates forwards and 


backwards 100 times in a Second ; conſequently, of the 
Pulſes made by ſounding ſuch a Pipe, there are about 
100 in the Space of 1142 Feet, or 1070 of Paris;, 

therefore a ſingle Pulſe occupies the Space of 11 Her 


Engliſh, or 104 Feet of Paris; ſo that the Length d 


the Pulſe was, about twice the Length of the Pipe 
Whence it is probable, that the Lengths of the Pulſe 
excited by the ſounding of open Pipes are in all Cale 
qual to twice the Length of the Pipes. 

17. Th 
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gin to diffuſe themſelves in Form of Waves. 
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Thus a Perſon ſpeaking in one End of a 


Tube, or Trumpet, will be heard as ſpeak- 
ing from the other. And as in the Caſe 
of Light, we ſee the Image of an Object 


always in the Direction of the reflected 


Ray; ſo in Echoes, we heat a Perſon ſpeak 
at the Place from whence the reflected 
Wave comes to the Ear (CVI). 

2 ©? BECAUSE 


17. This was farther confirmed by the fame Gentle- 


man by another Experiment he made afterwards, in. 
which he found that an open Pipe of about two Paris Feet 
in Length, was in Uniſon with a String which vibrated 
forwards and backwards 243 times in a Second; where- 
= =4} nearly: that is, the Length of a Pulſe 
was about 4 Feet of Paris, or nearly twice the Length 
of the Pipe. T. ES £1 
(CVI) 1. In order to account for the Nature of 
Echos, we muſt conſider, that Sound is pereeived as 


fore 


coming from that Place, from which, as à Centre, the 


Pulſes are propagated, This is well known by Expe- 
rience : But to illuſtrate this Matter, let A be the Centre 
from whence any Sound is direQly propagated, and 
ſtrikes againſt any plain Obſtacle CB, ſufficiently large; 
draw at perpendicular to BC, and produce it 10 f 


5 


be perceived as coming from the Point H. 


, 


ſo that it may be AF= FH; the Sound reflected will 
2. For let AB be the incident Ray, impinging againſt 


the Obſtacle B C in the Point E; from E draw the Ray 


Plate 
XXXII. 


Fig. 9. 


KD, in ſuch a manner that the Angle CE D may be 
equal to the Angle EF A, or that the Angle of Inci- 


dence may be equal to the Angle of Reflection; then 
will ED be the reflected Ray of Sound, and, if pro- 
duced, will paſs through the Point H; for the A 


FEH=CED=FEA. Therefore in the Triangles 
R | AFE 


vos. I. | 


— — — — 
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Rf Win an, Sg 
Becapsr the Sound is ſtronges in Pro: 


portion ay the Nel e it myſt fal- 
n 


AF E and E F H, fince the Angles of one are 
tively equal to "the Angles of the other, and the Side 
4 P ee to baths dh Si 0 of K wil 
re I tat 1 0 er 
K. APA AP; Whirefore "the ror fa 
will be heard by a Pork . D, as coming 
Point H. 

3. As the Place of the Auditor or Point D approaches 
towards A, the Caſe will conſtantly be the ſame with 
Reſpect to the Centre of Sound a; the 12 
will ſtill be equal, and all their Angles and Sides 
ſpeQively ; therefore when D coincides with 
reflex Sound, or Echo, will be heard from the 
H; which was to be demonſtrated. 

4. The fame Sound therefore is N. twice 92 
Auditor at D; firſt by the irrer R 43 and freondly 
by the reflex Ray AED; provided the "dif ffere ce 0 
tween AD and AED be Luſkcienty great, 
direR and reflex Sound do not in the ſame Paton Fug 
ment of Time affect the Ear: For if the reflex Sound 
arrives at. the Ear before the Impreſſion of the ding 
Soung ceaſes, the Sound will not be double, andy te. 
der'd more intenſe. 

5. We know by Experience, if more than 9 or 10 
Syllables are pronounced in a Second, the Sounds vill 
not be diſtinct and articulate ; therefore, that the reflex 
Sound may not be confounded with the direct Svuni, 
there ought to be at leaſt the ꝗth Part of a Second 
between the Times of their Appulſe to the Ear. But in 
the th Part of a Second Sounds run through the Spaceof 


- . S 127 Feet; the Difference therefore betwen 


A wand AED muſt not be leſs than 127 Feet, i 
the Echo to be diſtinctly heard in D. 

6. Hence alſo it follows, that A Perſon raking 
uttering a Sentence in A aloud, in order to 


Echo by Reflection from the Obſtacle BC, ought « p 


” 


the | 
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or Trumpet muſt be greatly augmented W 
wh me 


Rind at leaſt 73 or 54 Feet from: it, that is, A F N 
And ſince, at the common Rate of Speaking, we pro- 
nounce not above 3% Syllables per Second (or read more 
than 20 Lines of 40 Poetry per Minute) therefore 
that the Echo may return juſt as ſoon as the three Syl- 
lbles are exnreſe'd, we muſt have twice AF equal t 
abovt 1000 Feet; ar the r muft ſtand about 500 
Feet from the Obſtacle BC; and ſo in Proportion for 
other Number of Syllables. 11 as! 
7. In all the Experiments which Dr. Derbam made 
with the Guns at eath, there was always a Re- 
duplication = — 2 particularly the on in — 
ſaregoin e, on February 13, 1704; where t 
red Sound came firſt in 120 Ha 8, and the 
reflex Sound or Echo in 122 Half-Seconds. © The Dif- 
ference in Time, being a whole Second, ſhews the Echo 
paſs'd over 1142 Feet more than the direct Sound 
and that therefore the Phonocamptic Objett, or Obſtacle 
which reflected the Sound, was very probably near the 
Guns; ſince after the Pulſes had paſs'd a great way, 
they would have been too weak, when reflected, to have 
made an Echo as ſtrong or ftronger than the direct 
Sound, as the Doctor always found it was 


rr r rer eee 


oe 8. By ſome Experiments which he made on Guns 
vil hred on the River Thames, between Deptford and Cue» 
es BY tl7s- Point, he obſerved the Sound was not only dow 
und, Wh bled, but tripled, quadrupled, and ſometimes repeated 
cond many more times, and each ſucceeding Echo was i 
1 and louder ; and often when he heard, thoſe. Fragors of 

great Guns, he obſerved a Murmur aloft in the Ayr, 
wen eſpecially if the Heavens were quiet and ſerene: And 

þ thoſe Pulſes of Air he has obſerved to ſtrike againſt 2 
, ft thin Cloud, and produce in it a Murmur for the Space 


in the Air proceed from the vaporous Particles ſuſpended 
f Sound, 


bw, that the Voiee paſſing through a Tube 


of 15”. From hence he adjudged, that thoſe Murmurs 
in the Atmoſphere which reſiſt the Undulations of 
3 * 2 we moe: «iff 
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the conſtant Reflection and Agitation dt 
the Air through 'the Length of the Tits 
117 by 


Sound, and reverberate them to the Ear of the Ob. 
ſeryer, in the Manner of indefinite Echoes. 1 

9. Among the many pleaſant and ludicrous Phæno- 
mena of Echoes, thoſe which are Pahphontus, or 
divers Syllables or Sounds diſtinctly, and are t 
calPd Toutological or Prattling Echoes, afford the moſt 
curious Amuſement; Of theſe there are ſeveral n. 
markable in different of the World, and particu. 


larly here in Exgland ; concerning which. I refer the 


Reader to Hart's or Chambers's DICTIONARY under 
the Word Echo, ſor to my PHILOSOPHICAL: GRAMMAR; 
10. Nor is this merry Phænomenon of Sound with- 
out its Uſe; for 1 of an Echo you —— 

ien, 


ſure inacceſſible Diſtances, the Width of large 
Sec. Thus Dr. Derbam ſtanding upon the Bank of the 


Thames, - oppoſite to Woolwich, obſerved that the Echo 
of a ſingle Sound was reflected back from the Houſes 
in 6 Half-Seconds, or 3 Seconds; conſequently, 
1142 X 3 = 3426 Feet: the Half of which, vis. 1717 
Feet, is the Breadth of the River there; which is more 
than a Quarter of a Mile, or 1320 Feet, - 
11. After the ſame manner we find the Meaſure of 
any Depth, as that of a Well for Inſtance. To do this, 
Tet a = Space an heavy Body falls freely in one Second 
of Time, þ = Space through which Sound moves in 
the ſame Time, and c = Time given in Seconds from 
the firſt Deſcent of the Stone to the hearing of the 
Sound, and x = Depth of the Well required. 
132. Then to find how long the Stone is in deſcend- 
ing to the Bottom of the Well, ſay, As a: K:: 1 7 


= == Square of the Time t in which the Deſcent is 


made, becauſe the Spaces deſcribed by falling Bodies at 
as the Squares of the Times, (Annot, XX VI.) wher- 


x 
fore t- —* 

a : 
| 13. Again, 


> IS A 
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by which it 1s condenſed, and its Action 
on the external Air greatly. increaſed at its 
Exit 


13. Again, to find * Time t in witch the 
Sound aſcends, fay, As'b 1 4 12 = ; F 75 == — the 


Time ſought in Seconds; ; 600 7 + t e ok 7 qt 


7 eu- Ude V r 


Vs, and fince x is the Square of V x, the foregoin ng 
is a Quadratic Lan; and, by I the 


„ e N 2 
bb+4abc__ 5s r | 
* 7 "a 


Whence extracting the Roots on lach side we have 2 


= that PE But 


27 a 29% a 
x cannot be a negative Quantity z & and therefore it 2 
—5—5 —b+s 
abr oy. RIES 2 


3 


Therefore x = 


quired, 7 
14. Now 4 216,122 Peck. and b = I142 ; whence 
4a=64,488, and bb = 1304164 ; ; — 4ab=736463 
and if we ſuppoſe c = 10”, then 4 4e g 736460, and 
bb+qabe=55s = 2040624." eee = 1428, 53 


and — 5 = — ; and 5 —b = = 82082, 25. Conſe- 


quently "== 1273 ; or the Depth of the Well 
4 a | 


s 1273 Feet. * ; $==b 


—3 — — 
15. Since 1 , we ſhall have Wx = 2v a 


WT ow putting 16266 +40b 0). g 
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Exit from the Tube; which from hend 
is call'd the Stentorophonic Tube, or Speak, 
ing· Trumpet, 

Fox the ſame Reaſon, thoſe Funnel. 
like Inſtruments, which gather the larger 
and more languid Waves of Air, do greatly 
condenſe them, and heighten their Power 
and Action on the Drum of the Ear; by 
which means Voices and Sounds are TC 
der'd ftrong, loud, and audible, which were 
not ſo before to a deafen'd Ear and hence 
theſe infiruments come to be eall's Ota: 

couftics. — 

I SHALL only obſerve, | in regard of tho 
Inſtruments which magnify Sounds, and 
aſſiſt the Hearing, that the longer they are 
the greater is their Effeft ; and that of al 
the Forms or Shapes, none is ſo good as 
that en from the Revolution "of the Lo- 

29 GARITHMIC 


F — 
bv * " 


£2 oe aan ab odd vw Dh oo VXX- ww vox. Xx RR Þv-owou 


n 8 
and therefore = =; . e by He, that 1s, 


2 — 2 286 286,5 | 7 - 
22. = ds, the Time of 
F To 72724 28 589 Secon 85 e 


the Stone 5 Deſcent to the Bottom of the Well. (85 


96 x RN wo. +4 = 6 


1 t 

16. The Time of the Sound's Aſcent is 7 _— 770 i 

| c 
=— == — — 1,11 of a Second. But 8, 39 + 1,11 0 


—— 


2135 * whale Time, as it ought to be, 


9 


* 


PEASED FAS ATA 


02 


Of Wins and: SouUNDs. 
GaRI THMIC CURVE about its: Axis. 
(CVII) LE 18 


(CVII) 1. The Stentorophonic Tube, or Speaking- 
Trumpet, is uſed for magnifying of Sound, particularly 
that of Speech; and thus cauſing it to be heard at a 

reat Diſtance; how it does this will be eaſy to under- 
Jand from the Structure thereof. Let ABC be the 
Tube, BD the Axis, and B the Mou.h-Piece for con- 
veying the Voice to the Tube. | 1 

2. Then tis evident when a Perſon ſpeaks at B jn 
the Trumpet the whole Force of his Voice is ſpent up- 
en the Air contained in the Tube, which will be agi- 
tated thro' the whole Length of the Tube ; and by va- 
rious Reflections from the Side of the Tube to the Axis, 
the Air along the middle Part of the Tube will be 
greatly condenſed, and its Momentum proportionably in- 
creaſed, ſo that when it comes to agitate the Air at the 
Orifice of the Tube AC, its Force will be as much 
greater than what it would have been without the Tube, 
as the Surface of a Sphere, whoſe Radius is equal td 
the Length of the Tube, is greater than the Surface of 
the Segment of ſuch a Sphere whoſe Baſe is. the Orifiee 
of the Tube. 3 

3. For a Perſon ſpeaking at B, without the Tube, 
will have the Force of his Voice ſpent in exciting con- 
centric Superficies of Air all around the Point B; and 
when thote Superficies or Pulſes of Air are diffuſed as 


far as D every way, tis plain the Force of the Voice 


will there be diffuſed through the whole Saperficies of a 
dphere whoſe Radius is BD; but in the Trumpet it 
will be ſo confined, that at its Exit it will be diffuſed 
through ſo much of that ſpherical Surface of Air as cor- 
reſponds to the Orifice of the Tube. But ſince the 
Force is given, its Intenſity will be always inverſely 
the Number of Particles it has to move ; and therefor 
in the Tube it will be to that without, as the Superfi- 
cies of ſuch a Sphere to the Area of the Iarge End 
of the Tube nearly, £m 
4. To make this Matter yet plainer by Calculation; 
BDS 5 Feet, then will the Diameter of thE 
R 4 Sphere 
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= Fx b the/ fourth Property of -the-gerial 
Puſſes we have the Origin of the various 
yorls hed. Degrees 


© wi 


=_ DE = ro Feet, the Square of which is 100 
ich multiplied by o, 7854, gives 78,54 ſquare Fee 
for the Area of a great Cirle AHEFC. And there. 
fore 4 times that Area, viz. 4 X 78,54 = 314,16 = ſquare 
Feet in the Superficies of the Aerial Sphere. If now 
rhe Diameter AC of the End of a Trumpet be one 
Foot; its Area will be o, 7854; but, 7854: 314,16 
2:1: 400, therefore the Air at the Diſtance of BD 
will be 'agitated by means of the Trumpet, with a 
Force 400 times greater than by the bare Voice alone. 
5. Again, *tis farther evident how Inſtruments of 
this Form affift the Hearing greatly ; for the weak and 
languid Pulſes of Air being received by the large End 
of the Tube, 'and greatly multiplied and condenſed by 
the tremulous Motion of the Parts of the Tube and Air 
avitated by them, are conveyed to the Ear by the ſmall 
End, and ſtrike it with an Impetus as much 
than they would have done without it, as the Area of 
the ſmall] End at B is leſs than the Area of the large 


= —2 — — =» © A Wy ea  —Izsjsr 


_ 


* 


SAC: 7 6 1 | 
6. From what has been ſaid, tis evident the Effect 
of the Tube in magnifying Sound, either for ſpeaking 
or hearing, depends principally upon the Length of the 
Tube. But yet ſome Advantage may be derived from 
the particular Form or Shape thereof. Some very emi- 
nent Philoſophers have propoſed the Figure which is 
made by the Revolution of a Parabola about its Axis 
as the beſt of any; where the Mouth-Piece is placed 
in the Focus of the Parabola, and conſequently the ſo- ( 
norous Rays will be reflected parallel to the Axis of the pr 
Tube. See the Figure of ſuch a Tube in Muſchen- p 
® Broek's Eſſai de Phyſique. | | 
. But this parallel Reflection ſeems no way eſſential 
to the magnifying of Sound; on the contrary, it ap- 4 
pears rather to hinder ſuch an Effect, by preventing the 
infinite Number of Reflections and Reciprocations of 0 
Sound, in which, according to Sir 1ſaac Newton, its 
Augmentation 
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Degrees of what we call the NOTE Tor; 


or TUNE of Sounds, in regard of which 


| they 


Augmentation does principally conſiſt. For all reciz 
procal Motion, in every Return, is augmented by its 
generating Cauſe, which is here the tremulous Mo- 
tion of the Parts of the 'Tube. + Therefore. in ever 

Repercuſſion from the Sides of the Tube, the Agi- 
tations and Pulſes of the confined Air muſt neceſſarily 
de increaſed ; and conſequently this Augmentation of 
the Impetus of the Pulſes muſt be proportional to the 
Number of ſuch Repercuſſions, and therefore to the 


Length of the Tube, and to ſuch a Figure as is moſt | 


productive of them. Whence it appears, that the Pa- 
rablic Trumpet is of all others the moſt unfit for this Pur- 
poſe, inſtead of being the beſt. | LAME End 

8. But there is one Thing more which contributes 
to the Augmentation of thoſe Agitations of Air in the 
Tube, and that is the Proportion which the ſeveral 
Portions of Air bear to each other when divided by 
tranſverſe Sections, at very ſmall but equal Diſtances, 
from one End of the Tube to the other. Thus let 
thoſe ſeveral Diviſions be made at the Points: a, b,. q; 
d, e, &c. in which let the Right Lines 4, bl, em, 
dn, &c, be taken in Geometrical Proportion; Then 
will the Portions of Air contained between B and a, 
aand b, b and c, c and d, &c. be very nearly in the 
ſame Proportion, as being in the ſame Ratio with their 
Baſes when the Points of Diviſion are indefinitely near 
together. EIS e 

9. But it has been ſhewn already, that when any 
Quantity of Motion is communicated to a Series of 
elaſtic Bodies, it will receive the greateſt Augmenta- 
tion when thoſe Bodies are in Geometrical Proportion. 


Therefore ſince the Force of the Voice is impreſs'd + 


upon and gradually propagated through a' Series of 
elaſtic Portions of Air in a Geometrical Ratio to each 
other, it ſhall receive the greateſt Augmentation poſ- 


ſible, 


ro. Novy 
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Plate 
XXXIII. 
Fig. 6. 
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they are diſtinguiſhed into i and high; of 
grave and acute, by Muſicians call'd Flats 
and Sharps, Now the Tone of a Sound 
depends on the Time or Duration of the 
Stroke made on the Drum of the Ear, by a 
Wave or Pulſe of Air; for as that is longer 
or ſhorter, the Tone will be more grave ot 
acute : And ſince all the Pulſes move equal- 
ly ſwift, the Duration of a Stroke will be 
proportional to the Interval between two 
ſucceſſive Pulſes ; and conſequently, 4 Sound 

is 


10. Now ſince by Conſtruction it is Ba = ab =þ2 
= cd, &c. and alſo at: b1::bl:cm:: cm: di, ind 
ſo on; therefore the Points 4, I, m, u, o, p, 9, F, #, A, 
will in this Caſe form that Curve Line w ich is call d 

the Logarithmetic Curve : Conſequently, a Trumpet 
formed by the Revolution of this — about its Axis 
will augment the Sound in a greater Degree than any 
other figured Tube whatſoever. 

11. But to ſhew the Reaſon of the Nature and Nan 
of this Curve, ſuppoſe the following Series of Quantities 
in Geometrical Progreſſion, vis. 4% a* : a* : 41: %, 
&c. then it is plain the Ratio of ai to 4“ is 1, the Ra- 
tio of a* to @* is 2, the Ratio of 45 to a" is 3, ind (6 
on; whence it appears, that the Indices of the ſevetal 
Terms expreſs the Ratios of thoſe Terms ſeverally to 
the firſt, and are therefore their Logarithms, Now it 

*in the above-mentioned Figure we put the Ordinates 
at=4=1, Ila. e, es = = as, tt, mi 
will the intercepted Parts of the Abſciſſæ be Ba =1, 
BO = 2, Bc= 3, &c. and therefore the Logarithms ot 
Exponents of the Ratios of theſe ſeveral Ordinates to 
the firſt or Unity. Hence the Curve which connec 
thoſe Ordinates is called the Logarithmetical of Lagiſtiu 
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i; more or leſs Grave or Acute in Proportion 
to the Length of that Interval. 


HENCE it follows, that all the Sounds 
from the bude to the Joweft, which are 
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excited by the Vibrations of the ſame Bo- 


dy, are of one Tone. It likewiſe follows, 


that all thoſe Bodies whoſe Parts perform 
their Vibrations in the ſame or equal 


Times, have the ſame Tone: Alſo, thoſe 
bodies which vibrate /oweft have the grave 
or deepeſs Tone; as thoſe which vibrate 
quickeſt have the Fharpeſt or ſuriligſt Tone. 
Tux Times of the Vibrations of MA 


cal Strings, and conſequently the Tones, 


vary in reſpe& of the Length, the Magni- 


tude, and the Ten/jon of thoſe Strings. For 


if two Strings AB, CD, are of the ſame 
Magnitude, and ſtretch'd by equal Weights 
E, F, have their Lengths as 2 to 1, the 


Times of their Vibrations will be in the 


lame Ratio. Hence the Number of Vibra- 
tions of the two Strings AB, CD, per- 
form'd in the ſame Time, will be inverſely 
as their Lengths; or CD will make two 


Vibrations, while AB performs one. The 
Vibrations of two ſuch Strings will there- 


fore co-incide at every fecond of the lefler. 


AGAIN : If two Strings of the ſame kind pig. 2. 


AB, CD, have their Diameters as 2 to 1, 
2 and 
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and are, of equal, Length, aud /tended-hy 
equal Weights, Er Fi the Times gf. the Va 


bratijqns. will be fi their Diameter, vis. us 
2.0 1; and ſo the Vibrations in,,a, givey 


Time, and the Co- incidences, as before. 


LasrLy; If the Diameters and Lengths 


gf. the Strings be, equal, the Times of ah 


Plate 
XXXVI. 


Fig. 3. 


another wer Vibrations will co-incide af: 


Fabrations, will be; inverſely ag. the | Square 
Roots of, #he Weights which ftretch them. If 
the Weights E and F. be as 1 t0 4 (the 
Square Roots of which are 1 and 3) then 
the Times of Vibration in AB and C 
will be as 2 to 1. Hence in conſirucfing 


Arringed Iuſtruments, as SpIN ETS, HARPy- 
CHORDS, Gc. a, ſkilful Artiſt will com» 


pound theſe Proportions of the Length, 
Diameter, and Vue . the Sings to "F 


great Advantage, 


IN. Wind-Infiruments, | as | the F LUTH 
nnen Sc. where the Sound is made by 
the Vibration gf a, Column of elaſtic Air con, 
tain/d in the Tube, the Time of Vibras 
tion or Tone of the, Inſtrument will alſo 
vary with the, Length and Diameter of the 


aid Column of Air, and Force of, the Voice, 


Fhich compreſſes it; as it will be eaſy to 
obſerws: from Experiments. 
Ir one Body be made to ſound with 


ter 
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ter a certain Intetval; and the ſhorter the 
Interval of the incidence, the more 
agreeable is the Effect or Conſonamer to 
the Ear; conſequently, thbſe which are 
moſt frequent produce tile moſt perfect CO. 
ſonance or Concord, us it is cotnmonly culled: 
When the Times of Vibration; "thetEforly 
are equal, the Cox coxp is moſt perfect 
and more àgreeable than àny ocher, "ant 
this is called UNION“ E17 

Ir the Times of Vibration are as f to πτπ. 
the Co- incidence will he at Every ſecond Vi- 
bration of the quickeſt, ànd {> this is tie 
next perfect Concord, and is What we com 
monly call a Dr AsoN, or Oc TA VH 

Ir the Times of the Vibration be a6 2 
to 3, the Co-incidence will be at every 
third Vibration of the quickeſt; which 
therefore is in the next Degree of Perfec- 
tion, and this is called a DI APENTE, aer 
FirTH. If the Times of Vibration are 
as 3 to 4, the Co- incidence will beat every 
4th of the leſſer; and this is called the 
DrarEssA RON, or FOURTH; - But this, 
and the next which follow in Order, tare 
not ſo agreeable and pleaſant toi the judi- 
cious Ear, and are therefore called Imperfect 
Concords, Nor are tiere above fever 
Notes in all the infinite Variety of Tones, 
which 
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of Numbers on he" Strings; the next Se- 


M Warns: and 800kBg} 


which ean merit a Place in Muſical Cope. 
ſitions, and: they are exhibited in Fig.” IV, 


— which) repreſents the Strings in an Oden 


af a Harpſichord, with - the Semitenen, or 
Half-Nates, called: Flats and - Sharysy; by 
which the natural Notes are made half l 
Note lower or- higher, as the Air of the 
Song or Muſie requires. And this 16. called 
the-Diaronic SekLrtof Muſie. 
IN this Scale, the ſeven nan Notes 
are marked on the Keys by the ſeven Let- 
ters C, D, E, F, G, A,; B. 4 The firſt of 
which is call'd the Fundamental or Kev; 
the reſt in Order are the Second Greater, 
the Third Greater, the Fourth Greater, ine 
Fifth, the Siæth Greater, the Seventh Greater, 
and then the Eigbtbh, which begins the nent 
Octave. Between theſe are interpoſed the 
five Semitones, viz. the Second Leſſer, the 
Third Leſſer, the Fourth Leſſer, the Sixth 
Leſſer, the Seventh Leſſer. Theſe ſeveral 
Tones and: Semitones have the Lengths 
the Strings adjuſted from the Diviſion of the 


MonocnroRD, or Line divided into 100'or 


1000. equal Parts, as is very 2 appre- 
hend from the Figure. 


THE Number of thoſe Diviſions are alſo 
'thewn for each String, by the firſt Series 


ries 
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ries nem the Praportiem of the 'Lengthiof 
each String to that of: the r Aero = 
chord; and conſequently the Number f 
Vibrations of the Fundamental and each 
String debe ann ip the fame 
Time, LEO 4. eie 
Or theſe 1 of pes or Ratios of 
Muſical Sounds, the Omnves and Fats ars 
perfe? Concord; the (third Greater, chird 
Leſſer, the Greater: and Leſſer Sixth are 
mperfeft Concord; the Greater Fourthy! the 
two Secands,, and two Sævent hs are Dichrdi j 
the Fourth is in its on Nature 4 perfect 
Concord, but lying between the Third and 
Fifth, it cannot be' uſed as ſuch, but heir 
joined with the Sixth, to which it: ſtands 
in the Relation of à Third. All Mron r? 
and HARMONY are compos'd' of theſe 
twelve Notes; for the Octaves above or 
below are but the Replications of the ſame 
Sounds in a higher or lower Tone: M- 
LODY is the agreeable Sueceſſton of Fun 
Muſical Sounds in an ſingle Piecg of Mu 
fic; as HARMONY is the Effect .of ſeveral 
of thoſe Pieces ar Eaxts of Muſic play's to- 
gether WD 31-4 i GIOTS Und. 
wood: Han , 


(CYIIT) 1. In order Siebeck 4 the Motion aud Plate 
Tone of an elaſtic; String, or Kos Ch A B, it XXXIIL 
vill be proper to conſider it as tended or ſtretched by a Fig. 7 

Weight, l 
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_ HaRMONICALPROPORTIONis that which 
is between thoſe Numbers which 
13 $8 Wo 374 ok wy 


4 * : 91 9 ö | Lengths 
Weight, as F, according to its Length, and drawn out 
of its rightlin'd Poſition A B, into an oblique Pofition 
ADB, by another Weight, as E. The ormer-may 


2. No ſinge the Tending Force F acts upon the 

gen Direction D B, it may be repreſented by 
ine CD, which Line or Force may be reſolved 

= wt — CB — D; —— — 
ormer draws! tring horizontally from D t B, and 

the other ere the String directly upwards 
Therefore the Part of the Force which 

acts in drawing the String perpendicularly upwards is t 
the whole Force as C D to DB; or, by ſuppoling DC 
to be Inidefinitely ſmall, as CD to CB; becauſe in 
that Caſe D B'= CB: nearly, © But the Force which 
acts in drawing the String upwards is equal to the In- 
flecting Force, becauſe they balance each other,. There- 
fore the Inflecting * k OY the Tending Forte h 
x CD 7 6 8 


as CD to CB; or 


3. Therefore, putting CDS, and 2 CBELE 
OT LET f F s 


the Length of | the String, we ſhall have 1 
hence it follows, that if F and L are given, that is, 


if the Tending Force and Length of the String remain 
the ſame, the Inflecting Force E will be always as the 
Line CD 8. This is confirmed by Experiment: 
For if AB be a Braſs Wire 3 Feet long, ftretched 
over the Pulley at B by a Weight F = 3 Pounds if 


then E be firſt 1 an Ounce, it will draw the 


through CD =2 of an Inch; if E be an Ounce, it 
will draw it through CD = + of an Inch; and fo on. 
4. The String 3 drawn. into the Poſition ADB 
has an Endeavour to return, which is call'd the Reft- 
tutive Force, and which re- acts againſt the 1 
| orce 3 


bu * n q4 2 : " 
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Lengths of Muſical Intervals, or the Lengthy 


of Strings founding. Muſical Notes; and of 


three 


Force; it muſt therefore be equal to it, and conſe- 
uently proportional to the Line C D. Wherefore the 
Point is carried towards C with a: Force every where 
proportional to the Diſtance or Spate paſſed over, But 
we have ſhewn, that the Spaces paſſed! by Bodies in 
Motion are as the Times and Veloeities conjointly, 


that is, S: T V-3 (See Annotation XXII.) alſo that the 


Force of moving Bodies is as the Quantity of Matter 
and E Me 7 vis, M2 V, therefore 
* v = © TMESQ | But in the preſent 
Caſe Q, is a given Quantity, therefore T M is as'S ; 
ind becauſe it has alfo been ſhewn that M is as S in 
the preſent Caſe of the String, therefore T, or the Time 
in which the Vibrations ate made; whether through 
greater or ſmaller Spaces, is ever the ſame, or à given 
Quantity. % ona bun Tan A 

5. The Reſtituent Force of the String, as it acts 
through very ſmall Spaces, may be looked upon as uni- 
form; and then the Motion generated in the String 


will be as the ſaid Force and Time of its acting, that is, 


M: ET. Now mn all Caſes it is M.: Q) ; but here 
it is Q: D* L, (ſuppoſing D = Diameter and I. = 
Length of the String therefore Ma ET: D. LY; 


nd conſequently T.; LL; bat before, we had E; 


I which ſubſtituted in the above Ratio gives T » 


D 1 * £25 p ; 2d 1K 
r But (ſince 8: T V) . ; = there- 


FS OE. 
DL : # * - * | 0 A , 
fore T: FT ; that is, F'T* : D*L?, therefore F T: 
F y | A 4 . P 


8 


DL; conſequently, T: . That is, th? Time of. 


F 


a Vibration is as the Diameter and Len: th of the String 
Vol. II. * directi, 
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three Numbers it is, hen the Firſt is to th 


Third, as the | Difference between the Fi 
direftly, and as the Square Roor of the 7. ending Forte in- 


5. Hence if D and F be given, T is as L; that is 
if the Diameter of the String and its Tending Force 
continue the ſame, the Time of a+ Vibration will vay 
with the Length of the String, or be always proportional 
to it. Thus £ of the Monochord vibrates in F of the 
Time that it does, which is called an Ofave ; 3 of the 
Monochord vibrates in ;; of the Time, and is called 
Fifth ; 3 vibrates in 3 of the Time, and is called: 
ourth, and ſo on. | 1 
7. If F and L be given, T is as D; that is, if the 
Tending Force and Length of the String remain the 


* 


ſame, the Time of 4 Vibration will vary with, and l: 


proportional to, the Diameter of the String. 
8. If D and L be given, then T is inverſely 1 F. 


| that is, if the Diameter and Length of the String be 


given, then the Time of a Vibration will be as the Squar: 
Roots of the Tending Force. 
ow as the Tone of a String depends entitely 
upon the Time of a Vibration, it is eaſy to underſtand, 
that whatever the ſounding Body be, or how many 
ſoever there be together, if when they emit a Sound the 
Vibrations in each are of the fame Duration, they will 
all be of the ſame Note, Tone, or Tune, which is 
called Uniſon. | | 
10. In a Drinking-Glaſs, if a Perſon paſſes his wat- 
fed Finger briſkly round the Brim of the Glafs, prefling 
it at the ſame time, he will by Degrees raiſe 'I'remors or 
Vibrations in the Parts of the Glaſs, which will produce 
a Tone or Sound, which will be conſtant ſo long as 
the Action of the Finger is continued, and more and 
more intended or heightened : So that if the Action be 
continued long enough, the Agitation will be ſo great 
as to diſengage the Particles, or break their Continuity, 


and thus reduce the Glaſs to Pieces, if not too ſtrong, 
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ond Second is to the Difference- between the 
Second and Third, as the Numbers 3, 4, 6. 
Thus if the Lengths of Strings be as theſe 
Numbers, they. will ſound. an Octave, 3 to 
6; a Fifth, 2 to 3; and a Fourth, 3 to 4. 

AGAIN: Harmonical Proportion between 
four Numbers is; when the Firſt 7s to the 

e e 4 

11. The Sound excited in the Glaſs ſeems one entire 
Effect, whereas it is in reality an Aggregate or Aſſemblage 
of an indefinite Number of Sounds, each effected by 
each ſingle Vibration of the Glaſs; but as the Times 
of the Vibrations are ſo quick and ſhort, their Intervals 
will be imperceptible, and conſequently the Diſtinction 
of the particular Sounds; which will therefore be loſt, and 
the whole will. appear but one entire Sound. After the 
fame Manner a red hot Coal whirl'd about makes the 
Appearance of a fiery Circle, becauſe the Coal ſucceeds 
to every particular Point of the Circle ſo quick; that 
a new Impreſſion is made upon the Retina before the 
Effect of the laſt is obliterated, and ſo the Coal appears 
in every Part of the Circle. 1 

12. The Tremors of the Glaſs are made extremely 
ſenſible by putting a little Water into the Glaſs; for the 
Agitations of the Glaſs will by Degrees give Motion to 
the Water, which Motion will continually be increaſed 
till it be thrown up from the Surface in Form of a'Miſt 
all over the Glaſs, and to a conſiderable Height above 
it every way. It is remarkable that the Motion of the 
Water is in Form of a Vortex, circulating round by 
the Sides of the Glaſs, and raging with impetuous 
Waves like the Sea after a prodigious Tempeſt. 

13. Or otherwiſe theſe Vibrations of the Glaſs are 
made ſenſible by adjuſting a Screw very near the Rim 
of the Glaſs; then upon ſtriking the Glaſs, it will im- 
mediately be heard to ſtrike againſt the End of the 
Screw ; which will ſhew not only the Vibration of the 
Glaſs, but alſo that in vibrating, the Form is alter'd from 
circular to elliptical; 8 
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Fourth as the Difference between the Firſt und 


For Strings of ſuch Lengths will ſound aq 
Octave, 5 to 10; a Sixth Greater, 6 to 10; 
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Second is to the Difference between the Third 
and Fourth, as in the Numbers 5, 6, 8, 10; 


a Third Greater, 8 to 10; a Third Leſſer, 
5 to 6; a Sixth Leſſer, 5 to 8; a Fou, 
6 to 8. 

IT may be here obſerved, that a Series f 
Numbers in Harmonical Proportion are ret 
procally as another Series i in Arithmetiaa Pro. 
greſfion, 

As 1 10: 12: 15: 20: 30: bo: 
Arithmetical 6: 5; 4: 3: 2: 1: 


for here 10: 12 :: 5:6; and 12: 15: 
5; and fo of all the reſt, Whenes that 
Series have an obvious Relation to, and 
Dependence on, each other; which in ſome 
Problems of ſpeculative Philoſophy wil be 
very uſeful to know (CIX). 


I 


(CIX) 1. Let A, B, C, be three Numbers in Mu- 
fical Proportion; then becauſe we have A: C2. 
B: B— C, therefore AB—AC = 240 BC; 
whence if any two of the three be given, the other i 
immediately found by the following Canons, vis. 


AB 
CANON I. If A and B be given, then C = . 


AC 
Canon II. If A and C be given, then B = AFC 


C * 
Canon Ill, If B ang © be given, then A= 


N 2. Thus, 
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Ir the three: Lines A D, BG, C H, be Plate 
taken in Muſical Proportion, or as the XV. 


Numbers 
2. Thus, for Example, ſuppoſe you would find a 


Fig. 5» 


Muſical mean Proportional between the Monocbord roo 


=A, and the Octave 50 = QC; then by Canon II. we 
= an 66d whithie helen 

have 7 750 „Which is gth 
of that 7 which is uſually called the Fifth 

3. Again, If there be four Nane in Muſical Pro- 
as A, B, C, D; then, ſince it is A: 
A—B: C—-D, we have AC AD = A D— B. 
From "hich Equation we have the following Canons, 


CANON cs Wi — * 


Canon IV, D 


2 A — B 

4. Hence, when any three of thoſe Numbers arg 

iven, the fourth may be found by the above Canons, 

hus to the three Numbers 10, 8, 6, we find a fourth 
Harmonical Proportion, which is 5, the Octave; for 


C X 6 
thus the Theorem will ſtand, > == 


bo 
17. 


> But to carry this Harmenical —_y farther, and . 


* it more general ; 4 
the Terms of an Harmonic 
4 Series be denoted by A, B, C, D, E . 5 
nd let the Difference between 
each two be denoted by M N, O,, Q, Cc. 
6. Then will the Product of the two firſt Terms, 
viz, A X B, be to the Product of any other two Terms 
immediately ſucceeding each other ag & x D, in the 
83 ſame 
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Numbers 6, 4, 3; and in the Line A B 
We take n AF equal to 


11 CH, 


ſame Ratio with their reſpective Differences M and 
O. For b the Definition of Mufical Ratio we 


have : :M:N 


B : D:: N: O 
Therefore Ax B OXD 5 wb Nx O: :M: 0. 


Allp 1857 5 


ee K BAC? OED xÞ( AXB:D 
X E) :: :MXNxXO: NXOXP:: M: P. That 
is, AB: DE:: M P; and fo on univerſally. 


Terms M is to the Difference between any other 1 
as O, in the Ratio of B 2M to D; or M: P:: B 
—3M : E; orM:Q: B—4M:F; and ſo on 
continually. For, by the — of the Progreſſion, it 
is A: C:: M: N; and it is alſo A=B -M. be- 
cauſe B —A = M) therefore it is B - M: C:: 
N; or, to put it in Form, we have M: N:: B—1 M 
C. Again; BM: M:: C: Lo apd by ( th 
B—2 :M::C—N:N:: x + 5 but 
Definition, Art. 1. J it is B: D: O ere 
M: O:: B—2M : D. — ain; B—3M : 
D — O: O::C:O :: 1441 therefore M: P: Bi 
3M: E. And univerſally, Nt 1 = Number of Terms 
in the Series between the firſt and the laſt, and let the laſt 
Term be Z, and let the Difference between it and tlie 
next preceding Term be 8; then will it be M 8; 
B- M: Z. 

8. Becauſe (by Art. 6.) it 16 M. B22 AB YXZ, 
ſuppoſing V, Z, the two laſt Terms of the Series; 
therefore A X B. YXZ::B—-nM:Z. 

9. Becauſe the. firſt Term of the Series is A 


= and the ſecond Term B = ==, 3 an d 942 


; B, 
B —M; therefore the ſecond Term is B 1 


In 


7. . ; the Difference between the two firſt 


I_ 


a.m. w fo) MF 


AWW Ao 5 mw 


I SI yr... 
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CH, then will the Line AD be divided in Har. 


nonical Proportion, in the Points A, F, E, D; 


pz. AD; AF :: DE: EE. And in this 


manner is the Axis of a convex and concave 
Mirrour divided by the Oꝶject, the Image, 
In the ſame Manner it is ſhewn, that the third Term is, 
1 the fourth Term So d uni 
-A 050 Nr 
verſally, ſince A B: VX Z:: B— M: Z, or, di- 
een Y:: B—2 M: 13 
5 2 : 
therefore Y INM and fince n= Number of 


Terms between A and Z, it will expreſs the Number 
or Place which the Term Y holds in the Series. There- 
fore any Term Y is equal to the Product of the firſt and 


ſend Term B of the Series divided by the Differente be- 


tween that ſecond Term B, diminiſhed by 1 many times its 
Difference from the firſt, as is equal to the Number of the 
Terms from the firſt to the given Term , De 

10. All the Terms in a Muſical Progreſſion are among 
themſelves as Quantities whoſe Reciprocals 2 a Se- 


ries in Arithmetical Progreſſim. Thus the Terms of _ 
frſt Series A, B, C, D, E, &c, are (by Art. 9.) as — 5 


AX B AXB AXB 


AN 

T r rr Boas ck 
. SG: & | 1 2 "oY 4 1 0 
Series divided by A X B gives the Series H' BN. 


1 1 | a N. "= | 
ar 128 A to BEM — M'- But the Recipeo> 
cals of this Muſical Series are B, B M, B—2M, 
B—3M, to B-nM; which Terms are all in Arith- 
metieal Progreſſion. If the Harmonic Series had heen de 
creaſing, vis A—B=M, B—-C=N, Sc. we 
ſhould have had A = M — B, viz. the Signs of M and 
I changed, but every thing elſe the ſame, 
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the Verten g tbe Mirruur, and the Cenis 
as may be eaſily thewn by Experiment. 
Also the Limits of the Colours of Light; 
ven Muſical, Divifigns of the; Monochord;, 21 
will be farther taken natice of, and exem- 
hlified in the next Lecture. 5 
* I SHALL conclude this with taking Nec 
tice of one ſingular Property of a Muſical 
Chord, vix. that it will be put into a vi- 
bratory Motion by. the: 'Pulles of the Alt 
proceeding from the Vibrations of 1 
1 very Hear it, and in Concord with it: I 
| the vibrating. String. be Uni on with it, the 


= other will tremble through its 200 Length; 

| if an Oaye, it will vibrate by the Hal. 
Lengths only; if the String which com- 
municates the Motion be a Doudle-Ofave 
above, or one Fourth of the Length of the 
other, the Motion will be ſtill correſpon- 
| dent in that other String, for it will vi- 
l brate only by the Fourths of its Length from 
fi Plate one End to the other, Thus if AB bea 

_— String four Feet long, and CD another of 
E* ob Foot; if the latter be ſtruck with a 
Quill, -. the Vibrations will be communi- 

cre: to the former in ſuch a Manner that 

| it will vibrate only by a Foot-Length at the 

| ſame time through the whole String; which 


— 
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will 
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will be evident by the ſmall Pieces of Paper 
h, d, 7 5, hung upon the Middle of every 


Foot-Length, ſuddenly leaping off z while 


the other Pieces a, c, e, g, 55 remain un- 


moved upon the String at the End of 


every Foot, where the Vibrations ſeve- 
rally begin and end, and conſequently 
where the Line has no Motion at all 


(Cx) 1. What is here ſaid relating to Mirrours, 
and the Colours of Light, will be explained and de- 
monſtrated in its 8 Place. That one String A 
ſhould be put into Vibration by another B, | ns of 
the Air, is not ſtrange, becauſe the Air wil the 
String A with the ſame Impulſes it receives itſelf from 


the String B. If therefore the String A be under the 


ſame Circumſtances with the String B otherwiſe, (i. e. if 
it be of equal Magnitude, and equally tended) it muſt 
neceſſarily move in a ſimilar. Manner, or vibrate in an 
equal Time. ie ads. #4 
2. If the String A be twice the Length of B, then 
(ceieris paribus) the Air by its Impulſe received from B 
cannot ſo affect A as to cauſe it to vibrate through its 
whole Length; but it will ſo affect each Half of A as 


to produce a ſimilar Effect, or equal Vibrations. Hence 


the String A will become divided in the middle Point, 
which will be at Reſt. 7 

3. And if the String A were three times as long as 
B, it would be for the ſame Reaſon divided into three 
Parts, whoſe Vibrations are ſynchronous to thoſe of B, 
with two Points of Reſt between; and ſo on for any 
other Length, Alſo, if the Lengths of A and B are as 
3to 2, then if they are Concords, and one be ſtruck, 


the other will be put into Motion by Degrees, and in - 


ſuch a Manner that will alter the Vibrations of the firſt 
String B, and each will vibrate by their aliquot Parts, 
and therefore in equal Times. 

R I 
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(LECTURE VI. 


of Je Nature 40 Properties of L16 ur; 
rte VELOCITY thereof how diſcovered and 
computed, Of the Nature of HEAT, Fix, 
"FLAME and BURNING.: Of the Tents 
-FaTvr, NocriLuck, natural and artif- 
cial PHosPHORT, The THEORY of Heat 
and Coun, ' Of AsBESTOs. Of tb Na. 
ture and Effect of BURNINC-GLASSESs, 
 evhether Mirrours or Lenſes. A Calub- 
"tion of the LIGHT and HEAT of the 
Mood. Of the Cauſe of TRANSPAREN: 
cx and OpAcir x in Bodies. Of the Rx- 
FLECTION of Light;'of its INFLECTION; 
. of the REFRACTION of Light. The Fun- 
damental Laws thereof demonſtrated. The 
" different REFRACTIVE POWER of varitus 
Subſtances. The Ratio of the Sines of INCI- 
DENCE and REFRACTION ſtated, Of the 
TRUE and APPARENT PLACES of Ob- 
jets, Of the ANALyYs1s of the Solar 
Rays; tbe ſeveral KI NDS thereof, their 
different REFRANGIBILITY ftated; Ex- Ml | 
PERIMENTS relating thereto by the PRISM, Wl / 

| Of- the various GOLOURs of Light &y the 
| Prilw ; 
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07 Liehr and Corouss,' 
Priſm 5 the HARMONIic RATIO of their 
Linear Extent in the Sun's Image, The 
CoLourks of Natural Bodies thence ex- 


plain'd. Of the different REFLEXIBILITY 


of the Solar Rays, and Exptriments re- 
lating thereto. The Manner and Cauſe 
thereof enquired into) \Qf' Rines of co- 
LOUR'D LIGHT between GLASS PLANES, 
and BUBBLES of: WATER, The different 
ORDERS and DEGREES' of the ſeveral Co- 
lours explain d. The. Fits of /EASY; RE- 
FLECTION and. TRANSMISSION exglin d. 
The Artificial COMPOSITION of COLOURS. 
Of the RainBow; i Cauſe explain d; 
Calculations relating thereto..; The Pheno- 
mena of HaLo's conſidered and accounted 
far . A Na 1 


HAT Light is not a mere Quality of 
ſome Bodies, but is itſelf a real Body, 
or diſtinct Species of Matter, and endued 
with all the natural Properties thereof, 
will, I preſume, be ſufficiently manifeſt 


from the following Experiments relating 


thereto, We ſhall therefore, at preſent, 
take it for granted, that Light confiſts of in- 
concervably ſmall Particles of Matter of di 
ferent Magnitudes, which are emitted or re- 
ſeed from every Point in the Surface of a 


luminous 


+ 
* " 


we Power er Intenſity decreaſes as the aw 
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luminous Body in Right Linet, and in all Di. 
reftons,” with an unparallel d Velocity, and 


of the Diftances increaſe, 
Wen the Particles of Licht are te- 


fracted through the Humours of the Eye 
to the Retina, or fine Expanſion of the 
Optic Nerve over all the interior hinder 
Part of the Eye; and there, by painting 
the Images of external Objects, become 
the immediate Means of Sight, will be 
fully ſhewn in the next Lecture. 

WE ſhall now conſider Light under the 
various Characters and Qualities of a m- 
tural Body, and point out thoſe remark- 
able Affections and Properties ſo peculiar 
to itſelf, and the Cauſes of ſo many Very 
curious and AY Phznomena in 
Nature. 

Tnar the Particles of Light are in- 
cervably fmall, is evident from hence, that 
the greateſt Quantity of Light, in the ftate 
of greateſt Denſity, or Flame, is found to 
have ſcarce any ſenſible Gravity or Weight, 
which, we have ſhewn, is always propor- 
tional to the Quantity of Matter in all 
Bodies: Alſo, becauſe thoſe Particles per- 
vade. the Pores of all tranſparent Bodies, 
however hard or heavy, as Glaſs and Adz- 

mant. 
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from hence; that the, Stroke we. receive by 


2 Particle of Light has no ſenſible Force 


or Momentum, which, on + account of its 
prodigious Velocity, would be very great, 
and inſufferable, were it of FP Mt 
or conſiderable Magnitude. , 5 

Er, ſmall as they are, we find the R 
conſiſt of different Sorts of Partieles in 


Light emitted from all Bodies; and that 


this Difference of the: Rays of Light ariſes 
from the different Magnitude of the Par- 
ticles, ſeems moſt evident from the different 
Ditections the ſeveral Sorts af Rays move 


in, after they have paſs'd through a Body 


of Glaſs, Water, Gc. of ſome om igure, 
as that of a Priſin eſpetially. 

THAT the Particles of 3 We 
from every Point in the Surface of a ody, 
is evident from hence, that any given Point 
in that Surface is viſible to the Eye in any 


Situation, from whence a Right Line can 


be drawn from the Eye to that Point; 
which could not be, if the Li ght were not 
propagated from that Point in all Direc- 

tions. 10 
THAT they ata from the Body in 
Right Lines, is clearly ſeen by Experiments 
on the Sun-Beams, Candle-Light, &c. in 
a darken'd 


_ 
mant. But we know it more eſpecially 


27 
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a darken'd Room; alſo from the Shizdowi 


which Bodies of every Figure caſt,” being 
ſuch as would be determined by Right 
Lines drawn from the luminous Point 
touching the Extremities of thoſe Bodies 


! a * . 
5 111 — {20 21.0088 3 Tas 


_ (CXI) r. Before Sir Jſaae Newton's Time, ſcarce 
any thing of the Nature or Properties of Light wa 
known; It had, been eſteem'd a mere Quality or Mo- 
dification of Matter, and was propagated by P 
and I know not what of ſuch Kind of Stuff and ſenſeleſs 
Jargon 3 than which, nothing can be more tireſome to 
read, or irkſome to repeat. Leaving therefore the idle 
Reveries of the Carteſiant, we ſhall contemplate this 
glorious Phænomenon in the Newtonian Manner, which 
diffuſes Luſtre over the whole Face of Nature, and adds 
new Splendor even to Light itſelf 

2: That Light is a material Subſtance; and what wt 
properly call Body, is not to be, doubted ; becauſe we 
find it 1s ſomething that has Mation, or is propagated in 
Time; ſomething that acts upon Bodies, and produces 
real Alterations and Changes in their Natures and 

orms. It is ſomething that Bodies act upon, by re- 
flecting, inflecting, and refracting it on their Surfice, 
and in their Pores: And it would appear to have 
Weight, and all other ſenſible Qualities of common 
Matter, were it not that the Smallneſs of its Quantity 
renders them entirely imperceptible by us. 

3. Nor are we to conſider Light only as a Body, but 
as the moſt active Principle or moſt general Agent in 
Nature. I greatly queſtion if it be not the true Brim 
Mobile in Nature, or the Spring of Motion and Action 

n all other Bodies. Were the Particles of Light to be 
annihilated, we ſhould ſee no Marks or Footſteps « 
Fire or Heat remaining, and therefore no Power of Mo- 


tion in Bodies, but all Things would put on the Appears 
ance 
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Tux Velocity of the Rays of Light ſur⸗ 
palles that of all other ? 


5 


1 Bx 
ance of lifeleſs inert Matter, rigid and inflexible, as it 
would be abſolutely cold and dare. 

4. The Divine Wiſdom and Providence appears per- 
haps in nothing ſo remarkably as in the extreme Subtilty 
of the Particles of Light; without this Qualification it 


could not have pervaded the Pores of Bodies, and ſo we 


could have had none of thoſe which we call diaphanous 
er tranſparent Subſtances,” and every thing but the Sur- 
face of a Body would have been concealed from the 
Sight of Mankind. Again; the EY of a Body is 
always as the Quantity of Matter inverſely; and there- 
fore the ſmaller the Body, che greater Velocity it is 
ſuſceptible of from the ſame Force; whenee it comes to 
paſs, that Light is thus qualified to be tranſmitted thro 
immenſe Diſtance in a ſmall and inſenfible Part of Time; 
which Thing was quite neceſſary according to the pre- 
ſent Frame and State of Nature. a 

5. But laſtly, it was abſolutely neceſſary that the Par- 
ticles of Light fhould be ſo exceeding ſmall, that when 
compounded with its Velocity it ſhould produce na 
ſenſible Force, as it - muſt otherwiſe have done, and 
which therefore could not have been born by the tender 
and delicate Texture of the ſeveral Parts of Vegetable 
and Animal Bodies. To give an Example: The Ve- 
locity of a Particle of Light is found to be at the Rate 
of 897600000 Feet per Second; ſuppoſe its Matter to 


be but one Millionth Part of a Grain, then its Force to 


ſtrike an Object would be as . = 897, 6 Feet 
Icooooo | 

per Second for one Grain; or it would ſtrike with the 
ſame Force that one grain Weight would do falling 
from half that Height, viz. through 448,8 Feet; which 
we ſhould find to be very great, were the Experiment to 
de made on the ſenſible Coats of the Eye. | 
6. Since the Weight of Bodies is proportional to the 
Quantity of Matter, it follows, that where the latter is 


Gmiuiſhed indefinitely, the former will be ſo too; there- 


fare 


es we know of. 
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By obſerving the Times of the Eclipſes of 
. Jupiter's Satellites when the Earth is near- 


eff 


fore the Weight of Light muſt be inſenſible in ever ſo 
great a Quantity of it. Dr. Beer baaus cauſed a Globe 
of Iron 12 Inches in Diameter to be heated-red-hot, and 
ſuſpended at the End of a very exact Balance, and coun- 
terpoiſed by Weights at the other End very nicely, and 
thus let it hang till all the Particles of Heat or Lipht 
were eſcaped, when he found the Equilibre of the Bu 
lance no ways alter d; which plainly proves the above 


o a 5k 

7. That the Particles of Light have hot only Mag- 
nitude, but that in different Degrees alſo, is another and 
perhaps the moſt ſubtle Diſcovery of the Newtonian Phi- 
loſophy. The comparative Terms of Greater and Leſer 
are now as applicable to the Particles of Light, as to 
any other Bodies. This is abſolutely proved by the dif- 
ferent Refrangibility they are found to have in paſſing 
through a Priſmatic Figure of Glaſs or Water; for the 
Power of the Priſm detains the iſſuing Particle, and 
draws it a little towards the Surface; and ſince this 
Power is the ſame, it would have the ſame Effect on all 
the Particles of Light, if they were all of an equal Mag- 
nitude, becauſe they have all an equal Velocity, But 
fince this Effect is different among the Particles, ſome 
being detained and drawn aſide to a greater Diſtance 
than others, it follows, they muſt be leſs in Magnitude, 
to become more ſubje& to the Influence of the attraCt- 
ing Surface; in like manner as the electric EMuvia will 
act upon and agitate very ſmall and light Bodies, much 
ſooner and more eaſily * they can move thoſe which 
are larger. But of this more when we come to ſpeak of 
N in which this Power acts refracting the Rays 
of Light. | 

8. If Light were not reflected from every Point in 
the Surface of a Body in all Directions every Way, 
there might be affign'd a Point of Space where a Ray of 
Light from ſuch Pein in the Surface does not come; 


and there the ſaid Point of the Surface could not 1 * 
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from that Planet, we ſhall find, that in 
the former Caſe thoſe Eclipſes happen 700 
ſon, and in the latter Zoo late, by: the Space 
of 8 Minutes and 13 Seconds; which ſhews, 


sat the rate of. 170,000 Miles in a Second 
$80,000 times greater 'than the Velocity 
of. Sound (CIT) 1 148" 
r 0.3 phrerde 0 0s og 
dle; but becauſe the Eye tan find no Point of Space in 
all: the viſible Hemiſphere reſpecting that Point, but 
where it is viſible, therefore a Ray o Light is reflected 
from that Point to Every Part of Space, 

Right Line to that Point can be drawn. 


rom whence a 
9. That the *Rays of Light proceed in Right-lined 
Directions, is ehidegt fem hence, that whatever the 
Figure of the Body be, if it be held perpendicular to 
the Rays of Light, it will always caſt a Shadow of the 
fame Figure againſt a parallel Plane. Thus a Circle 
vill produce a circular Shadow, a Triangle a triangular 
one, and ſo on, Which plainly ſhews, that the 2 
of Light paſs by the Extremities of thoſe Bodies in 
Night-lined Directions, excepting thoſe only which pals 
contiguous to the Edges of the Body, for they will be a 
little inflected, which will cauſe the Extremity of the 
dhadow to be not ſo diſtin& and well defined as it other- 
wiſe would be; of which we ſhall take farther Notice 
bereafter. N | 
(CxXII) 1. As all the other Affections of Light, fo 


and moſt of the modern Philoſophers, who, before the 


Vor. II. | * tion 


— E 


47 
d und again When it is fartheſt diſtant 


tut in that Time the Light paſſes over 
the Semidiameter - of the Farth's Orbit, 
which is about 82, ooo, ooo Miles; Which 


that of Velocity, was utterly unknown to all the ancient, 


Time of Mr, Reaumur, were of opinion that the Mo- 
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ton of Light was, j 
gate tronzh 


2 Spectator at & would obſerye the Moon M to enter ibe 


Of Lienz gud Corduns. 


Lines, is Power or Intenſity il 
g | decreaſe 


ing frequent ' obſervations on the 8 of 7 we 
lipſes 5 ot 


LI” FT 


ye of the Spectator muſt be ſup- 
ö ſaid Eclipſes, Occultation, 


1 Dre | WAY 1 
2. To illuſttate this Mat er; let S be the Centre d 


Tables; but à Spectator at the Earth at T always ob- 
ſerves it to happen fooner, and when the Forth yn 
the appate Fart of its Orbit R, he will always obſer: 
it to happen later, by the Space of about 7 Minutes in 
Both Caſes. This Obſervation gave the firſt Proof that 
Light was progreſſive, and took up about 14 Minute 
fo paſs over the Diameter of the Earth's Orbit from T 
to R, or 7 Minutes to paſs from the Sun 8 to the 
+ $84 


Shadow juſt at the Time which is calculated from the 


3. But this, though a ſufficient Diſcovery or Prod, 


of the progreſſive Motion of Light, was yet but an Ex- 
periment in the Groſs, and not accurate enough to de, 
termine or define the true Rate of Velocity which dd 


really belong to Light. The Method by which it hy 


been more nicely determined, was hit upon in the fol 


lowing Manner: Though Sir Iſaac Newton had demott- 
ſtrated the Motion of the Earth from the Laws of Gris, 


vity, yet as his Book was underſtood by few, * 
0 : F as * . 0 ” * 0 
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in decreaſe as che Squates 6e the P 15 
neteaſe ; and thereförsk' the Light and Hick 

$1397 of 

C AW 


NA -: $2.4 ved. af if 168 5 tr 11.1 \ 
wo could not "comprehend" Pig ether were willing 
0 de ſatisfied of the Triith * ercof | otherwiſe, TY 1 
0 judged, that if p EO 0 we d he 
Sun; it muſt neceſſarily cauſe. an Ae Motion in 


fixed Object at a Diſtance from ift. tht (Wl Bi 
4 Thus if ABCD repreſent the Orbit of the Earth, 
and A and C the Place of the Eart at, two, oppoſite, 
Times of the Year ; then a fixed. bject at E will be 
ſen from the Earth at A iii the Line A E, which will, 
point out its apparent Place at G'in the Concave Ex- 


eat, it will be ſeen fromthe Earth at, C zn, the Line. 
CE, which will project its debe cayens at F. 
do that while the Earth has paſſed from A . 0.8 
the Object (though in reality, fixed) has, appeared to 
more through the Space G F ; and the Angle which 
meaſures this apparent Motion of the Object, viz. the 
Angle AE C is called the Paralla#tic Angle or Parallax 
of the Annual Orbit, becauſe it meaſures, the viſible Ap 
—_ E * Diameter A C. of the, Earth's Orbit at 

5. This being the Caſe; it was wa to. the fixed 
Stars, which they conclude would; certainly, faye an 
apparent Motion, or Parallax, provided an nſtrument 
could be made ſufficiently, exact to obſerve it, and this. 
would be a ſatisfactory Demonſtration; of the Eaxth's, 
Motion. Accordingly ſeveral Perſons addrefſed:them- 
ſelves to diſcover a | an of the fixed Stars; and in 
the Year 1725, the late Hon. eee i Eſq; 


5 with an Inſtrument made by the accurate Mr. Crabam, 
5 began to obſerve the bright Star in the Head of Draco as 
f it paſſed near the Zenith. Profeſſor Bradley alſo ob- 
. ſerved it along with him; and from many Obſervations: | 


made with great Care, it appeared that. the»Star was, 


15 more Northerly 30 Seconds of a Degree in September, 
4 than in March, juſt the contrary Way to what it ought 


to appear by the annual Parallax of the Stars. That is, 
| * the 


ſe of the Sky HI. , But gene oppaſite, Time of the 


, "a. 7 
5 
* 
4 > 
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Of Licur and Colours. 
of the Sun at the Diſtances of the ſix Plz. 
nets, Mercury, Venus, Earth, Mars, Fuji. 


ter 


the Obſervers, who in September ſaw the Star at F, did 
in the March following obſerve it at K, in the Right 
Line A K parallel to C F, and not at G where it ougli 
to have appeared by the parallactic Motion. 5 
6. This unexpected Phænomenon perplexed the Ob- 
ſervers very much, and Mr. Molyneux died before the 
true Cauſe of it was diſcovered. After this, Dr. Brad- 


' dey, with another Inftrument more exact and accurately 


adapted for this Purpoſe, obſerved the ſame Appear- 
ances, not only in that, but many other Stars; and be- 
ing by many Trials fully aſſured that the Phænomenon 
was not owing to any Error in the Inſtrument or Obſer- 
vation, applied himſelf to conſider what might be the 
Cauſe thereof, and after ſeveral Reflections and Hypo- 
theſes, which he ſtill found inſufficient to account for it, 
he at laſt found, that it was really owing to the pro- 
greſſive Motion of Light, and the ſenſible Proportion 
which the Velocity thereof bore to the Velocity of the 
annual Motion of the Earth. 

7. This he was fully aſſured was the true Reaſon, 
not only becauſe nothing elſe could be thought of that 
would account for it, but becauſe fuch an Appearance 
muſt neceſſarily reſult from the above-mentioned Hypo- 
theſis, as may be thus ſhewn. Let AB repreſent a 
Part of the h's annual Orbit, and let C be a Star 
obſerved by a Spectator at the Earth at A; when the 
Earth arrives at B the Star will not be obſerved at C, 
as before, but at D in the Line B D parallel to AC; 
for let A B be divided into the equal Parts A a, ab, J 
cd and d B, then through thoſe Points draw the Lines 
ae, bf, cg, dh," parallel to AC and DB. Now let 
the Velocity of the Earth be to that of Light as AB w 
CB. When the Earth ſets out from the Point A, ſup- 
poſe the Ray of Light commences its Motion from the 
Star at C in the Direction C B perpendicular to AB; 
then *tis plain when the Earth is arrived at a, the Particle 


of Light will be got to i, the Point where a e cuts B C, 
B74 I | all 
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ter and Saturn, will be nearly as 700, loo, 

100, 43, 3, 1, ſuppoſing their Diſtances 

as the Numbers 4, 7, 10, 15, Ja, 95. 
an 112 | I 8 FROM 


and the Star will be ſeen in the Direction as, and ap- 
rat e. In like manner, when the Earth is at 6, the 
article of Light will be come to," and will appear at 
f, and ſo on; when the Earth is at c, d, B, the Par- 
ticle will be at J, n, and B, and the Star will appear 
a g, h, and D. | | 5 — ws s 
8, If therefore the Line CA repreſents the Axis of 
a Teleſcope, making the Angle BAC with the Di- 
rection of the Earth's Motion AB; when he comes 
to B he will ſee the Star at D, which he could not do 
if the Teleſcope was directed in the perpendicular Line 
BC; but the Difference of the Poſitions of the Lines 
DB and BC, or the Angle DB C, is ſo very ſmall, 
25 to amount to no more than 20” 15, which gives 
the Proportion of the Sides BC to CD or AB, as 
10210 to 1; Which ſhews that the Velocity of Light is 
ten Thouſand two Hundred and ten Times greater than 
the Velocity of the Earth in her Orbit. 
9. But the Velocity of the Earth is known, which 
is about 500,000,000 Miles in 365 Days, or about 
56,000 Miles per Hour, whence the Velocity of Light 
vill be found to be ſuch as carries it through the Space 
of 170,000 Miles, or 897,600,000 Feet in one Se- 
7 a and therefore it will paſs from the Sun to us in 
and 13“. ; | > a(fr warty? AION 
10. If a Cannon will throw a Ball 1 Mile perpen- 
Gcular Height, or 5280 Feet, the Velocity with which 
It goes from the Mouth of the Cannon is the uniform 
Velocity of 10,560 Feet per 181“ (which is the Time 
of the perpendicular. Aſcent or Deſcent) and therefore 
the Velocity of the Cannon-Ball is 578 Feet per Se- 
cond, Whence the Velocity.of Light is to that of the 
. as 897, 600, ooo to 578, or as 1,550,000 
9 1 nearly, i r 
11. The Docter found that the Parallax of the fixed 
durs, inſtead of amounting to many Seconds, · as many 
1 have 
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_ + ;:BROw'thes ſiiperidous Velocity uf lum. 
tous Particles ariſe their prodigious Bffed; 
in regard of Heat, Flame, Burning, Meh. 
ing. &c. Thus when they are conſide- 
rably denſe, they act very foreibly on the 

Parts of an animal Body, and raiſe dhe 
Senſation of Heat, by the great inteſtine 


Motion hieh they produce in every N. 
Hence all other Bodies are hotter or cli, 


as they contain a greater and leſſer Quan- 


tion of the Par. 

4, - Se a , "> * — {4% & 4 iy 4) 
tion ot the Tarts, Ei 
WOE er ans ao ute bangt, or NOTE 11 
99971 8 294A Nis yu nnn x 


Joint Ut „l eto. 5508 | (+2679 4s 
have deduced from their, Obſervations, does not make 
one decond; and from-thenee it follows that the abo 


mentioned Star in Draco, is above 400,000. Times far 
- ther: from us than the Sun ; and conſequently, that the 
Pigbt takes up above 497 X 400, ooo = 107, 200000 
deconds, (Which is more than ſix Vears,) in coming 
from that Star to us. In the mean Time . 
. Rect how different are the Places of the Sun, 

and Planets in the Heavens: from. thoſe in which they 
appear. Thus ſetting afide the Refraction of the At- 
maſpbere, hem the Centre of the Sun is really aſcend- 
ingein the: Horizon, it will be 8“ 13/7, after, that we 
obſerre tit thgre; in bich Time the Sun will be f. 
::adyanced in the Heavens. i 


* 


442. The Moon ef the Eerth is by this Method ab 
bolately demonſtrated, and therefore put . beyand a 


dubt and ObjeRion; they who deny it now-muſtconſel 


; a themſelves hally ignorant of one of the fineſt and moſ 
important Diſcoveries that was ever made in rum) 


and which wos finiſhed, in the Year 1728; conoeming 


Which, ſee Dr. Bradley's. own Account in Phil. Tran. 
No 406, which we ſhall farther explain in a future Patt 


of this Work, 
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Ir theſe. lucific : Particles? ate ſuſſdoichtly 
imbibed or generated in anylopake Rady, 
they cauſe it to::ſhineg.at Slow. gel be- 
come red-hot; and vbyerthkir prodigious 
Aqivity will in » Nmerdihinictez diſſelxve, 
and deſtroy its naturał Texture, and ins 
change its Form, and redyce it to another 
Species of Matter 3 evea; the: Aſbeſtat mpt 
excepted (CXIII), 22iboT 10 Ne Sno 
30 e Las 918213 8 fisino - yards Ir 


7477 


MY - 24% &* 1718 J, of 
(CXIIT) 1. That Heat, Pre, Fran, Ge. arè only 


- the different Effects and ificatiohs of the Particles 


of Light, is, I think, very evident; And the Particles 
of Light themſelves depend — on Velicity for their 


' cific Quality; ſince by many Experiments we know 


that — Particles Weit become Pp — 
ef Light, by only produbiag in them d requifite Degree 
of Velocity 4 — the Particles in a Rod of Iron, be- 
ing hammered very nimbly, Mine and become red-hot; 
thus alſo the violent Strom of the Flint apmintd:ithe 
Steel, in ſtriking Fire, puts the Fartiules vf æhe; ckel 
which- it takes off into ſuch u Motion i us cauſes them 
to melt, and become red. hot. which makes the Spurks 
of Fire produced by each Strukes he fame Thing 
you may obſerve in manyeother Caſes. Cl end DOK ;: 

2. As. Fire conſiſts in the great Velocity of h ar- 
ticles, ſo it may be communicated: from one Bodyrin 
which it ĩs to another inltykick it is not afecr the ume 
Manner that one Body in Motion: will! commanitate 
Motion to another Body that:hasinons, "i Figeidlilfers 
from Heat 1 this; that Heat is Motiomm the 
Particles of a Body with a leſſer Dres of . ; 
and Fire a. Motion with \preatercDepree of Ve s 


vr, ſuch as is ſufficienotof a the Particles::ſhine, 


though. we often cal ſuch! Degree af Hear us will 
burn, Fire, though it deernottadiunllythineg ahdave 
{ldom call thoſe Iueid Bodies Fires which only: ſhine 
LIU 48 Pe W dite 00. And 
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Putrefaction is the Effect of a flow and gentle Fermen- 


is immediately Kkindled into a moſt ardent and inextin- 


enr \and GColob rs 


Ir the ignific Particles of Light are ſuf. 
ficiently condruſed/ as the Rays of the 
8 1 1 0 8 
1 TOY LH } IH e 354. JAKE by 
and do not burn. Theſe are a Sort of Phoſpbori, which 
though they have no Heat, yet ſeem to we their Lu- 
eidity to the Motion of the Parts be 
3. Fhis I chink will- appear for the following Rez, 
ſons; (:) We obſerve ſeyerat of thoſe Phoſphors are 
owing to Putrefuction, as rotten Mood, very "ſtale 
Meat, eſpecially Veal, ſome Sort of Fiſh long kep 
as Oyſters, Lobflers, Flounders, WWhitings, &c. whic 


tation, and thatconſiſts-+n-the Inteſtine Motion of the 
Parts, as we have ſormerly ſhewn.” (2.) Moſt of thoſe 
Pboſphoni have their Light ſo very weak as to ſuine only 
in the Dark, which ſeems to indicate a leſſer Degree of 
Velocity in the Part than what is neceffary to produce 
Heat for ſuch a Degree of Velocity will cauſe Bodies 
to ſhine in open Day- light. (3.) Some of thoſe Me- 
tiluce, or Bodies which ſhine in the Dark, are the Party 
of animated Bodies, as in the Glotu- Vorm, a ſmall Sort 
of Centifeat, & c. but all the Parts of an Animal are 
undoubtedly in Motion. (4.)- Other Phoſphor: put on 
the Appearance of Flame, as the Ignus Fatuus, the 
Writing | of - common Phoſphorus made from Urine, 
Flaſhes of Lightning, Sc. but all Flame is nothing 
but a kindled Vapour, whoſe Parts are all in Motion, 
but may be too weak to cauſe Burning. (5. ) Seven 
of thoſe innocent lambent Flames may have their Mat- 
ter ſo agitated, ot the Velocity of their Motion ſo in- 
ereaſed, as to produce Heat and burn; thus the 1 
3 rus on blue Paper, ſufficiently rubbed, . 
immediately kindle into an ardent Flame, and burn the 
Paper. (E.) Theſe Phyſphori ſeem to have the eſſential 
Nature: of Fire, hecauſe they are ſo eaſily ſuſceptible of 
4 burning Quality from Fire; thus common Phoſphorus 
—— Flame by common Fire. (7.) In ſtroking the 
ack of a black Horſe; or Cat, in the Dark, we pro- 
duce innumerous Seintillæ, or lucid Sparks; in —_ 
| | annet 
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by a Lens or  Burnmg=Glafs, they become 
;rdent, and burn with an Intenſity propor- 
| ; tional 


Manner as rubbing a black Piece of Cloth, which has 
hung in the Sun to dry, wilkedufe-it to throw) but the 
particles of Light which it had imbibed from the Sun; 
whereas a white Piece of Cloth, which feflects moſt of 
the Sun's Rays, emits no ſuch lucid Sparks in the Dark. 
Many other Reaſons might! be urged to ſhew that Light 
of every. Kind is owing! to obe and the ſame Cauſe in 


2 greater or leſſer Degree, vir, 10 the en, F the 


Parts of the lucid Bou. 8 

4. It has been juſtly: obſerveq by ſome of our mo- 
dern Philoſophers, that actual or abſolute Heat is to ſen- 
file or relative Heat the ſame as Matias is to Velocity; 
for ab ſalutꝰ Heat is nothing but the whole Motion of alf 
the Parts of the ignited Body, and fenfible or relatit þ 
Heat reſpects only the comparative Vaoeity of the Parts. 
Thus equal Bulls of Mercury and Water. ſet in a Satid- 
Heat, where the Heat of the Fire may þe: uniformly 


communicated to both, will acquire in equal times equal 


Degrees of abſolute. Heat, but: the relative Heat of the 
Water, or that which is ſenſible to the Finger, will be 
near 14 times as great as that of the Mercury: becauſe 
the Water having 14 times à leſs Quantity of Matter, 
will admit of Velocity ſo much in Proportion greater. 

5. Again, if Mercury and Water have the fame re- 
ative or ſenſible Heat, that is, if both are heated in 
ſuch a Manner as to cauſe an equal Aſcent in the 
Thermometer; then a Quantity of Mercury will heat 
14 Times as much. Water as the fame Guantity of 


Water will do; or it will make the ſame Quantity of 


cold Water 14 times hotter than the ſame Quantity-of 
hot Water can. All which is eafy to be ſhewn by Ex- 
periment, and abundantly proves the Truth of the fore- 
going Theory, viz, That Hat and Fire are wholly otuo- 
6 to the Velocity of the Parts of the heated or ardent 
dy. Wer 15 © enn 4 ' | 

b. The various Phenomena of Heat and Cold, Fire, 
Burning, &c, are rationally accounted. for on this The- 

q ory. 
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-GfoLa@nvumd: Cooks, 


«tional (to-the-Dtniity ofthe! Rays in the 
Forge ar BrixdiagyPointiof.the Glaſs}: which 


. ary. EO firk, n art teocankder that Cold and Hit 
, art — — — — ——a, 
may be either; hob old ac ing to the relative Idea 
or Standard i Negrat ff thus>Icerior Snow is faid. — 
«colt. with ureſpacd tothe Ringer; but Ice or Snom ig 
warm ab ctolmpatedcrith; w freezing: Mixture. 80 that 
il (A4 weg mmon yd, avelimake the Hand or an 
Part of the Badyothe Stadbidicf Heat or Cold, or the 
:: Fetw of Compeniſbn ; Hen tis evident, (1). If the 
Parts: of any Soy applind to the Hand have the fame 
Velbeity as the Barts ofi:the:Hand, ſuch:a Body ue 
.c naturally. pronobnct t5meithpr hot nor culd. (U.) If 
the: Rarticles of ther Body hateia gtrater Velocity than 
. thoſa af the: Hand, we | ce it 146 the Ex- 
- eſs:be-finall ; but hor, M it boygreat, E If the Ve. 
- -lotity. ofthe Parts ofthe Body Applied be leſs 'thanthat 
in the Hand, thei Senator ithenis what we call. Cold, 
which alſo may be in various Degrees. (4.). Hence it 
is lain there can be mo ſudl Thing as ahſalute Cold, 
but where the Partiglea: f Matter are ahſcilutely qui- 
F eſcent-on ak/relt;i:( 57 Hence: o there cane no ſuch 
Thing as abſolute Heat, I becauſe no Degree of Velo - 
eity can be aſſigh d but à greater is aſſignable; till we 
come to Infinity, where welare quite ＋— 
Idea of Inſinita Vxlorityibr Heat. 1 111 1 68974 
1 From this Theory of Heat and Cold, wwe may 
conclude that there is no- Body in Nature whoſe Pais 
are not in Motion in ſom Degree, ſince we have jet 
been able to diſcover no ultimate Degree or Limit cl 
. Cold; and if any ſuch Fhing were to be found in Na- 
- are, I believe it would be as impoſſible to bear or. en- 
dure che Leſt as any extreme Degree of Heat ; both Heat 
and Cold naturally tehfingito:deftroy the animated Part, 
or Teſt, in the extreme: Degveos; Cold, by deſtroying 
che vital Motion, and fing the Part rigid and-inflex- 
ible; but Haat, by putting athe Parts in too great un 
Agitation, cauſing a greater Velocity in the Fluids and 
| Diffipation, 
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and therefore it wi 
8. Whatever ben theo 


een Farc 


| . of the congealable S ulaſtande dn a groper Degiee, 


by which means = Fluidio:wil:berloſt} and id We Parts 
become rigid and fixed. Ihusiif te ntoſtine Motion 
of the aqueous Particles he lhutell by the Admixture 


of any extraneous Body the Parti will be mo longer 
fluid, but remain $0Apptarance fixed nc Cofigelution, 


and become a Body of>ice. Mhatever this: ple 
of freezing bes it — — 
cauſe it is Well. Salt ,will tgtcatly incrtaſt the 
Coldneſs of Water,;Jogzobr Snow ; und Dem Mix- 
tures are always: made there iti by equal Quantivies 
of each. „N evcnty-a15d ve 018 rote 


9. On the ether Handenfined rBodies/are: rendered 


flaid by Heat, only by Bhcrrafmig ths Velocity"'of che 


Parts; thus Ice. bee mes: Water, ches Metals are: 7 — 
into Fuſion, and a Soong Degite of |Heat gives à {till 
greater Degree of Velocity tothe Parts, and throws 
them off in the Form of à Steam er iVapbuy. This 
Steam or Vapour, if itidonſiſts af ſuch Partieles as will 
admit of 2 — 9 Inereaſe of Velocity, will conceive 
it very and linde into à Flame; at che Ap- 
. of a a 2 Bay whole Parts apeo thus i in Motion; 
that is, of Fire or Flame! lib 04/5408 11990 
10. There ſeems to be no other Difference between 
Fire and Flame than this, that Fu conſiſts in a glow- 


ing Degree of Velocity in the Parts of à Body while 


yet ſub together in the Maſs ; but Flame is the 
lame Degree of Velocity ini the Particles diſſipated and 
flying off i in Vapour ;/{or,to-uſe-Sir ut Newton's Ex- 
preſſion, Flame i is wan fie a ranges of = 
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be diſſolved, and the Partieles which are volatile will 


- 1412 The Parts of ſome Bodies are extremely rola- 
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the. Square of the Focal Diftance inverſch. 
Thus L ppole he Surface or Area of 
one Glaſs contained 12 ſquare Inches, and 
its focal Diſtance were 8 Inches; and the 
Area. of .another:Glaſs: were 9 — Inches, wo 
and its focal Diſtance 4 Inches; then the 


Ex 

Effects or: Intenſity of. Burning SE be.ag IK 
x -t0 4254501248 12 oy 6 ah * vir. A 4 

£44 858 Vi 

197 576 . — «14 eu n 
13 Hey! 8 53 * Wins cor 
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12. The Effect of Fire in burni conflts in this, 
that the. Velocity of.the-Paxticles of Fire ſo far increaſes 
the. Velocity: of the Darts ef the Body to which it is 
applied, àc to cauſe a:Sepatation beyond the Sphere of 
corpuſrular Attraction, by: which means the Body will 


fly off in the Form ol. Steam, Smoak, Fume, Gt, 
while that which remains appears in the Form of 
Caal, Calr, Abet, Capu 18 : 


tile, and will moſt of: chem be diſſipated by the Action 
of Fire; but others apaihlare to be found whoſe Patts 
are of fuch a Nature, or fo fixed, as not to yield to 
the Force of Fire, or the Veloeity communicated to 
them will not be able do diſtelbe the corpuſcular Attrac- 
tion; but when this glowing Velocity of the Parts is 
abated; or, in other Words, when the Fire in the 
Body is extinct, the Parts (and of courſe the whole 
Body) appear unalter'd, Of which Sort of Subſtance 
we hay à noble Inſtance in that Foſſil call'd the Aſteſ- 
tos or. Amianthus Stone. This Stone is found in 'divers 
Parts of the World; particularly in Wales a great dei 
may be. ſeen adhering to, and growing up with the 
Stone. of many of their Quarries. 

(CXIV) 1. In order to account for the Nature of 
BurNnING-GLASSES, whether Mirrours or Lenſes, we 


muſt 
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WHEN Rays of Light: fall on tlie. Sur. : 
face of an opake Body, Part thereof are 
reflected 


muſt conſider the Area of their Surfaues, and che focal 


Diſtance; becauſe both theſe | 
Expreſſion of their Power "Burnin Let A B, and 
IK, be two Mirrours expoſed. directly to the Rays.of 


the Sun CD, E F, and LM, NO ʒ then will all the 


Rays, falling on the Surface of, theſe Mirrours, 


ſected to the Focus of the Glaſſes, where they ll de 


concentered, not in a Point of Space, but into a ſmall 


F 0 k 


round circular Area G H, and P vanes 

2. Now this circular Spot is the Image of the Sun 
inverted, in both Glaſſes; and the Angle under which 
the Image of an Object appears from the Centre of the 
Glaſs R and 8, is equal to the Angle under which the 
Object appears; all which will be ſhewn hereaſter. 
Therefore the Angle G RH PS Q, and conſe- 
quently the Cones G RH and P SQ, are ſimilar, and 
the Areas of their Baſe G H and P Q will. be as the 
Squares of their Heights RH and 8 Q that. is, as the 
Squares of their focal Diſtanoęs directly. 

3. Let A = Area or Surface of the large 
that of the leſſer, F and f the focal Diſtances, and P 
and p the Power of Burning in each. Then, ſince 
while the focal. Diſtance remains, the Power of Burn- 


ing (P) will be as the Denſity, of the Rays in the ſolar 


Spot H G, and this Denſity of the Rays will be as the 
Number of Rays reflected thither by the Glaſs, which 
Number of Rays will be as the Surface of the Mirrour 
(A); therefore P will be as A directly in a Mirrour of 
the ſame Concavity, that is, P: p A;: a. | 

4. Again, if the Area of each Glaſs be the ſame, 
the ſame Quantity of Rays will be collected, and con- 
verged to the Focus's G 


the Denſity of thoſe Rays will be greater, the leſs the 
Spot is in which they are contain'd ; conſequently the 
Power of Burning (P) in this Caſe is inverſely as-the 

Area 


Quagtiities enter into the 


e Glaſs, a2 2 


and PQ, and conſequently 
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nor a Es 25 have the Lt 
the Square of the RE of 


Of Emir . 'Colotine, 


reffectad 10 the EyepWhich render it vididid%s: 
the!other * and vatiouſſy 
1212811 N 


Burning 
eek erſe —.— 
laſs; Tetra HT 3h : a F* 
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67 It Has been the Aae, XIII.) that the Hit 
of Wood Fire is 3 208 Akute greatet than that pf 
de Sifhmier-Sun (becaüft ift Hikes" the ONT in” the 
Thermometer 855 perry: higher. bearly) ; therefore that 
a 'Glaſs may be able to ene oy Rays ſufficien 
to burn, or to have the H at of common ibs "the Bun 
Imag! „t Tolar Spot in e Focus, ought to b at moſt 
put 77 part bf the Nate el ine Glaſs ; and as much a8 it 
is'lefs than a Part of the Glass, ſo much the ſtronger 
will it burn. In this Caſe, if it be deſired, to know in 
what Paft of the PenciF of Rays the Denſity is 35 times 
greater than the common Denſity, and where the Powet 
off Burning is equal to that of common Fire, it 1s 
found as in the following Example. Admit a Glaſs 
be 9 Inches in Diameter, and let the Diameter of the 
required Circle be (a) ; then fince circular Areas are ay 
the Squares of their Diameters, we have 35: 1 94% 

— 1105 nn F i) 4 
conſequentiy Ws Satz and ſoa = En 7,5 nearly; 
whence that Part of the Cone or Pencil of Rays, whole 
Diameter is 1 Inches, has the Denſity and Power oſ 
Burning required; and that this is Fact, and that the 
. of the Rays þut:aJittle leſs chan that will nbt 
burn, I know from repeated Trials with ſuch a Glaſs, 
or concave Mirrour. 

- Of. Burning-C laſſet we. have ſome extracidinaty 
Initances and ſurptizing Accounts of their 1 

. Effeck. 
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refleted through the Poreg l of inhe bB 
* it becomes. — ——— andboloſt!! 
therein ; 


Effects. Thoſe made-of +fleftivoy Mirrnurs de 
powerful than thoſe made with 5 S, 22 2 iS 
decauſe the Rays from * Yo 7 
one Point nearly, whereas by a Lens 
lifferent Points, and art t 
dent. Alfo the whiter. WS 


which the irrour 18 
Effect; and it is FR 
having "inad> a — large M 
would not ſo mu a8. ies Wool 

poſed a long Time in 88 55 
0 Rays are alf e 2 ty 
of which we er 5 © 193911 omnd'T 1 

8. Among a great | 0 0 Re made; for, 


burning, melting, calciningy, a1 Jorg! S,. that. 
of Mr. Villette "is worth gur e 2 . 


Inches in Diameter, and-its fora ance d 


2 Inches. The following Ex 1825 wete. — 5 
5 


it by Dr. Harris and Pf. f 
1. A red Piece of e 


X and was ready to drop T9... ge 2! 11 na 41 193 


2, Another black Piece melte 2 3 ae RT. 
to drop at 64”. 


*5Y?S uot itt 150 
3 2 taken out of at Eine | artagus; | led 
aid, 1105 1000 — 2 1110 oli 2 

Mn calcin? 1 


| - y Piece of Pompey's Pillar at 2 ae 
in the black Part in 50 rand: in: the white. Parc 
? 


” 


in 54 8 
6. Copper. Ore vitriſied in g. 10 115 3567 Dongle 
7 Slag, or Cinder of atient Iron-Work; Fd te 


run in 2922 18. bniupet gals 8 


8. —— r bet bat melee in A 40 1 
c _ to calcine act 40 and held the 
* Focus 64 _ * — 11:14 ven 10 
10. Calculus 1 was'eateined in 2,4and/onk 
, dropped off in 60. 2224  Yu!StQ 189.4 $2) _ 
t. A great Fiſh's Tooth melted in 327 
12. The 
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therein; and ſince none of thoſe Ruy 
come from the interior Parts to the Eye, 
£159 we 


22. The Aſbeſtos ſeem d a little conderifet in 28”, and 
Mr. Villette ſays, the Glaſs uſually caleines it, 
| 13. Marcaſite P 
| melt in about 30 
| 14. A Silver Six-pence melted i in 74 
| 15. A Copper Half- Trang (of King lin) mi 
| in 20”, and ran with a Hole in 
16. A King George's, Ayr melted in 16", and 
in 
17. Tin melted i in 3". 
18. Caſt Iron melted i in 1 16”, | | 
109. Slate melted in 30, and had : a Hole in 6. 
20. Thin Tile melted in 4 „ had a Hole and ws 
vitrified in 80“. 
21. Bone calcined in 4”, and was vitrified- i ig 33" 
22. A Diamond weighing 4 Grains loſt { by 6f its 
Weight. 
9. The Power of Burning, i in Villettt's Amen 
be computed, and compared with the Heat of Wood - 
ire, as follows : Since the focal Diſtance RX is 30 
nches, and the Angle under which the Sun's Image in 
the Focus appears at R, is equal always. to 2 of 3 
Degree ; therefore if we ay, 
As Radius — = — 90*.00” =10,000000 
sto the Tangent o "I 11 
the Angle l 5 HRX = = 00% 16'= 7667849 
— is the focal Diſtance RX = 38'= = 1,8800 
To the Semidiameter 
of the ſolar Spot HX = o, 179 96253310 
Whence 2 HX = 0,358 of an Inch, the Diameter of 
the ſolar Focus ; but the Diameter of the Mirrour wa 
47 Inches; now 47 X 47 = 2209, and o, 358 X, 355 
= 0,128, &c. wherefore 2209 is to , 128, as the 
bty of the Rays in the Focus to their common — ; 
but 70,128) 2209 ( = 17257; which ſhews that the 
Mirrour condenſed. the Rays Seventeen Thouſand Twi 
* Hundred and Fi * _ times. 
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we can ſee nothing of the internal Sub- 
ſſance of ſuch a Body, which therefore” 3 
kid to be axe. ä | 
Bur 


r 


0 


10. Since Rays but 35 times denſer than in their na- 
tural State with us, have a Power of Burning equal to 
Wood-Fire, if we divide 17257 by 35, the Quotient 
will be 4933 therefore ſuch a Mitrour will burn with 
an Intenſity of Heat 493 times greater than common 
Fire, No wonder then that Bodies which remain un- 
alter d by the Force of our greateſt common Fires (as 
that of a Glaſs-Houſe, where Gold has been found to 
lie ſeveral Das in Fuſion, without any-ſenſible Loſs of 
Weight) ſhould immediately become fuſed, | fume away 
in part, part be diſſipated and driven away in large Par- 
ticles, and part remain in the Form of a Caput Mor- 
tum; all which Phænomena have been obſerved of 
Gold in the Focus of a large Burning-Glaſs. And 
how rudely ſuch a Glaſs would treat the Principles of 
the Chymi/?s, and what Confuſion it would induce in 
their Arithmetic of Elements, they. will be better cer- 
tied of, when they ſhall attempt to analyſe Nature, 
and reduce Subſtances to their original Principles, by 
more active and effectual Means than Laboratories at 
preſent afford. . | 

11. Notwithſtanding the prodigious Denſity of the 
20 Rays in the Focus of thoſe large * Glaſſes, yet 

it has been always obſerved, that the Rays reflected to 
| us by the Moon when at Full, and concentered in the 
bt Focus of thoſe Glaſſes, produce no Heat that is ſenſible 
in the leaſt Degree, as is demonſtrated by holding a 
Thermometer in the Focus of lunar Rays, which al- 
of ways remains without the leaſt Appearance of Motion. 
as The Reaſon of this will appear by the following Cal- 
58 uation, 
n- 12. Let ABD be the Earth, C its Centre, MO 
* the Moon, N the Centre, Ne the Semidiameter of the 
de Moon, which is equal to 1087, 5 Engliſh Miles; the 
iT, demidiameter of the Earth DC = 4000 Miles; the, 
VoL, II. U Diſtances, 
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have ſuppoſed it; and accordingly Mr. Borguer, by Ex- 
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Bor when Rays of Light fall on tray; 
parent Bodies, part is reflected at the fir 


Surface, 


Diſtances of the Centres of the Earth and Moon N ( 
= 240000 Miles. Then fince the Rays of the Sun“ 
Light at the Moon are of the fame Denſity as with us 
(as being Parallel); and ſince the lunar Rays are only 
the ſolar Rays reflected to us by the convex Surface of 
the Moon; and laſtly, ſince parallel Rays are reflecet 
by a ſpherical convex Surface, in ſuch a Manner 28 ty 
go after Reflection diverging from a Point which Is! 
the Semidiameter of the Sphere diſtant from the Vertex 
(as will be ſhewn hereafter) ; therefore ſuppoſing the 
Surface of the Moon to be perfectly ſpherical and po. 
liſhed, we may compute the Denſity of the ſolar Ray 
reflected from the Moon to the Earth as follows, 

13. Let à b, cd, be two parallel ſolar Rays falling 
on the Surface of the Full Moon, theſe Rays will be 
reflected to the Earth in the Directions bg and 4) d. 
verging from a Point F in the Radius Ne, half wa 
between N and e. Now the Denſity of the Rays fall 
ing on the Moon will be to thoſe reflected at the Earth 
Surface, as the Square of g h to the Square of bd, 0 
as the Square of f D to the Square of Ve; but fe = 
544 Miles, and FD (= NC—CD—Nf = 240000 
— 4544 =) 235450; and the Square of 235450 ist0 
the Square of 544, as 187400 to 1 nearly; conſe- 
quently the Denſity of the lunar Rays is to that df 
the S-lar Rays at the Earth's Surface as 1 to 187400 
nearly ; therefore a Burning-Glaſs muſt condenſe the 
lunar Rays 187400 times to make them have the Heat 
of the common Sun-Beams, But this is 10 times more 
than Villette's Mirrour can effect. 

14. Now this is all upon Suppoſition that the Moon 
is a Sphere, and its Surface a perfect Poliſh, wheres 
neither of theſe Things have Place in Nature; for the 
Moon is not a Sphere but a Spheroid, and her Surface 
very unequal or uneven, on both which Accounts the 
Reflection of Light muſt be many times weaker than we 
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Surface, and part is tranſmitted into the 
Body, which is refracted in right Lines to 
the ſecond or lower Surface, where it is 
again partly reflected and in part refracted 
into the Air, and coming to the Eye, ren- 
ders the internal Parts of thoſe Bodies 
viſible, which for that Reaſon are ſaid to 
be diaphanous or tranſparent (CXV), 

WHEN 


rimerits, has found that it is about 17 times leſs, or 
that the Denſity of the lunar Rays is to that of the ſo- 
lar as 3000000 to 1; wherefore a Burning-Glaſs muſt 
rondenſe the Rays of the Moon near 3000000, i. e. 
three Millions of times, to make them warm enough 
to raiſe the Liquor of the common Thermometer ; 
which is an Effect almoſt 200 times greater than Vil- 
ltte's Mirrour can produce, 

(CXV) 1. The Opacity and Tranſparency of Bo- 
dies in general is thus occaſioned : Let AB be the Sur- 
face of an opake Body ABCD, a Ray of Light GH 
falling thereon in the Point H will in part be reflected 
into the Ray HI, and by this reffected Ray the Point 
H becomes viſible to the Eye at I; and thus all the 
Points, and conſequently the whole Surface, is made 
viſible by that Part of the Light which it reflects, 

2. But the other Part of the Ray entering into the 
Body, being irregularly refracted and reflected through 
its internal Subſtance of Particles and Pores, becomes 
divided, diſſipated, abſorbed and loſt therein; and there- 
fore as none of the Rays can come from the internal 
Parts to the Eye, ſo none of thoſe Parts can be viſible, 
and the Body is in that caſe ſaid to be pate. 

3. In order to this we muſt conſider, that though the 
whole Body be opake, yet the Particles of ſuch a Body 
are not ſingly opake, but freely tranſmit the Light with= 
out reflefting any Part between the Surfaces, and are 
therefore in themſelves tranſparent ; and were thoſe 
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Of Liehr and Colobns. 


WHEN a Ray of Light HC falls on any 


plain, convex, or concave Surface, as AR, 


Particles contiguous to each other, the Light would 
from one to another (and fo through the whole) with- 
out Reflection, as we find » Experiment it will-pafs 
through ſeveral contiguous Pieces of poliſhed -Glaks, 
and thus produce Tranſparency. «A | 
4. But if the Particles do not touch in ſuch mithnet 
as to leave the Interſtices or Pores exceeding ſmall, 
there will be a Reflection of Light at every Pore from 
the Air which it there meets with, as being a Medium 
of different Denſity. For it is known by Experink 
that though a Ray of Light will paſs from one Piece © 
Glaſs to another, that is contiguous without Reffection, 
yet will it not paſs from the Glaſs through the con- 
 conſe- 


tiguous Air without being in part refle 


quently where the Pores are large and very numerous, 
there the Reflection of the Light will be ſo great upon 
the whole, as to cauſe a total Diſſipation and Loſs of 
the Light that enter'd the Body, and ſo render it 
opake, | | | 
: 5. This is confirmed by taking ten Pieces of clexr 
Glaſs, and laying them one upon another over a Leaf 
of Print, quite dry, and having only Air between them; 
then taking ten other Pieces of the ſame Glaſs, and 
putting them into Water, ſo that it may fill all theit 
Interſtices, and then laying them on the ſame printed 
Paper by the other, a Perſon looking through each wil 
ſee the Print or reading much more diſtinct, clear, and 
bright, through the latter Pieces than through the for- 
mer; the Rays being more regularly tranſmitted through 
them where the Denſity of the Parts is not ſo unequal, 
and alſo with much leſs Reflection than 3 the 
other, where the Light undergoes a conſidera e Re- 
flection at every Interſtice or Plate of Air between the 
Glaſſes. | 2 24 5 
6. Tis hence alſo that tranſparent Bodies are ren- 
dered opake by ſeparating their Parts and rendering then 


more porous ; thus Beer before it is raiſed into Froth 
15 
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made by the incident Ray HC and the 


Perpen- 


& tranſparent, but the Froth, by reaſon of its Pores, 
decomes opake; thus dry Paper is more opake than 
that which is wetted with Water or Oil, becauſe more 
porous. Thus the Oculus Mundi Stone is more opake 
when dry than when ſteeped in Water; and Glaſs re- 
duced to Powder is no longer tranſparent, 

7, Hence it follows, that the Parts of Bodies and their 
Pores muſt not be leſs than a certain definite Bigneſs to 
render them opake. For the opakeſt Bodies, if their 


Thu diſſolved in Aqua-fortis has all its Par- 
ticles pellucid, and the whole Solution 1s tranſparent. 
Thus a Bubble blown of Soap-Water may become ſo 
thin on the Top as to reflect no Light, but will tranſ- 
mit the whole. Thus Water, Salts, Glaſs, Stones, &c, 
though they are as porous as other Bodies, yet their 
Parts and Interſtices are too ſmall to cauſe Reflections 
in their common Surfaces. 

8. Therefore in all tranſparent Bodies, as BEFC, a 
Ray of Light, as K L, falling on its Surface in the 
Point L, will there be in Part reflected (as before) into 
the Ray LM; the other Part will go regularly on in a 
rectilineal Direction from the upper to the lower Sur- 
face at N, where meeting with the Air (a Medium of a 
different Denſity) it will be in Part reflected again into 
te Ray NO; the other Part goes out to the Eye at P, 
by which Means all the internal Parts from whence that 
Ray comes will be rendered viſible to the Eye; and 
ſince this may be conceived of every Point in the Body, 
it is eaſy to underſtand how the whole becomes tranſ- 
parent, | 
9. I have often found Gentlemen reflect with great 
Surprize on the exceeding great Poroſity of Bodies ne- 
ceſſarily required for the Tranſmiſſion of Light, and 
yet at the ſame Time on the Hardneſs and Firmneſs of 
the Parts of ſuch Bodies, as Glaſs, for Inſtance, and 
others. But Sir Iſaac Newton has put us into a Method 


U 3 by 


Parts be ſubtil} divided, beeome perfectly tranſparent; 


Plate 
XXXVI, 
Fig. 2. 
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Perpendicular K C, is always equal to the 
Angle K CI, made by the faid Perpend. 

cular 


by which we may conceive this with as much Eaſe a 
it produces Surprize; and it is this: Suppoſe a Body 
be compoſed of ſuch Particles, and of ſuch a Figure, 
that when laid together, the Pores or Interſtices may be 
equal to the Particles themſelves ; how this may be 
done, and the Body hard and firm, is not difficult to 
conceive ; ſuch a Body then will be half ſolid and half 
orous, 

: 10. Now if each of theſe conſtituent Particles, in- 
ſtead of being ſolid, ſhould be ſuppoſed to conſiſt of 
other Particles, equal in Bulk to their Pores between 
them, then would the ſolid Part of the whole Body be 
but half of what it was before ſuppoſed to be, that is, 
it will be but £ Part of the whole Bulk, In like man- 
ner if theſe Parts are ſuppoſed not ſolid, but to conſiſt 
of other Parts with equal Pores between them, tis then 
manifeſt the ſolid Matter will be but + of the whole 
Bulk of the Body. And thus by continuing this Subdi. 
viſion of the Parts, you diminiſh the Cn of the 
ſolid Parts, and increaſe that of the Pores, till it ſhall 
be in any Proportion greater than that of the ſolid Mat- 
ter, and yet the Parts, and conſequently the whole 
Body, ſhall be every where compact and hard. 

11. Hence it follows that the leaſt aſſignable Particle 
of Matter may be conceived to be ſo minutely divided, 
that it ſhall be diffuſed through any aſſignable Space, 
how great ſoever, in ſuch a manner, as to be in Con- 
tact, and to conſtitute a hard and compact Body, whoſe 
Pores ſhall be leſs in Diameter than any aſſignable 


Length; or, in other Words inverſely, the ſolid Mat- 


ter in the Globe of our Earth, yea of all Bodies in 
the Univerſe, may be no more than what may be - 
duced within the Compaſs of a cubic Inch, or be con- 
tained in a Lady's Thimble, They who would fee 3 
Mathematical Demonſtration of this, may conſultDr. 
Kells Introduction to Natural Philoſophy. 


12. Hence 
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cular and the reflected Ray CI: Or the 
Angle of the Incidence is equal to the Angle 
of Reflection in every Inclination of the 


Ray of Light. This is evidently ſhewn by 


Experiment; and it is very well worth our 
Obſervation, that in this Caſe only, the ſaid 
Ray takes the ſhorteſt Way poſſible from 
any Point H, to any other Point I, if it 
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muſt, in its Paſſage, touch any of thoſe Sur- 


faces (CXVI). Sing) 
THE 


12. Hence we ſee the Poffibility of Bodies being ſo 
exceeding porous, as to be rare enough to tranſmit 
Light with all that Freedom pellucid Bodies are found 
todo, Though what their real Structure or inward 
Frame may be, is yet unknown to us. 

(CXVI) 1. The Demonſtration of this is as fol- 
lows : Let A C be the incident Ray, and CB che re- 
fected one; from A and B let fall the Perpendiculars 
AE, B D, and let AE=a, BD=b, ED = Cc, and 
EC Dx; then CDS ex, andAC=Waa+xx, 
and alſo CB = Tec 2 ck ＋ xx. Then 
ince ACT CB is to be a Minimum, we muſt 
make the Fluxion of its Expreſſion afra 
V bb Terz TA equal to nothing, viz, 
3 8 

Van xx Vb Tec Fax” Cs; 
dividing by æ&, and multiplying croſs-wiſe, we have x & 


V bb + (Cm—=2ix+xx+Þx—c aux, conſe- 


quently x x W bb + c TY =c—x X Vaa xx, 
tat is, EC X CBS CDX AC; and fo we have 
EC: AC:; CD: CB. Conſequently (by Euclid, 6 
and 7.) the Triangles AE C and BD C are equiangu- 
lar, and therefore the Angle of Incidence ACE = BED 
tu Angle of Reflection. 

U 4 2, Since 


Plate 
XXXVI. 
Fig. 3. 
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Tax Rays of Light reflected from the 
firſt Surface of a Glaſs are in a much leg 
Quantity than thoſe reflected from the {e. 
cond Surface, as is evident from hence; that 
the Image formed in the firſt: Cafe: is leſa 
bright and ſplendid than that of the latter; 
and if the ſecond Surface be contiguous to 
any tranſparent Medium, as Air, Water, &c, 
the Rays will be reflected from thence in 
greater Plenty, as the Medium is more rare; 
whence the Image by Reflection from the 
ſecond Surface is brighter when that Surface 
is contiguous to Air, than when it touches 
Water; and moſt bright when it is contiges 
ous to a Vacuum. 

Ir the ſecond Surface of Glaſs be cover 
with an opake Body impervious to the Rays 
of Light, they will then be refleQed in 
much greater Abundance from the: ſecond 
than from the firſt Surface, and the Image 
w1ll be proportionally more bright than that 
formed by Reflection from the firſt Sur- 


Since the concave Plane FC G, and convex Plans 
D 0 E, do both touch the Plane A Bi in the ſame 1 7 
Point C on which the Ray of Light is ſuppoſed to fall 
the ſame Law of Reflection muſt hold with reſped to 
all the Planes equally ; becauſe the Situation of any 
other Particles have nothing to do in the Cauſe of Re- 
flection of Light, but that on which the Ray immedi- 
ately impinges. 


face; 


I 
6 
R 
/ 
b 


/ Lrohr an Cordon. 


face; which is the Caſe of all Glaſſes foli= 
ated or quickſilver'd, Whence it appears, 
that the Light reflected from the firſt Sur- 
face bears a very ſmall Proportion: to that 
which is tranſmitted * the Suhſtance of 
the Glaſs. | 


ww wm 4a erp 4 ww WP 


it will be ſtrongly attracted by the Pletichin 
of the Surface of the Medium AB a little 
way on each Side; the Confequence where= 
of is, that its Motion will be accelerated at 
the Entrance of the Medium, and its Di- 
rection ſomewhat altered; for ſince the At- 
traction of the Medium is perpendicular to 
its Surface, it will defle&t or bend the Ray 
out of its firſt Direction ¶ F, into a new one 


” 2 AE XxX AS Vw AT _ 


to the Perpendicular K D, drawn through 
the Point of Incidence C : And this is called 
the REFRACTION of @ Ray of Light; HCK 
is the Angle of Incidence, and DCE the 
Angle of Refraction. 


& © . «„ 2_vVH 


'4 


DHKG, and from the Points H and G 
(where the Circle cuts the Incident refracted 
Ray) be drawn the Lines HL, GI, at Right 
Angles to the Perpendicular K D, they will 


Refrattion, 


CE (through the Medium) which lies nearer 


IF on the Point C he deſcribed a Circle 


be the Sines of the Angles of Incidence and 


hos 


13 


WHEN = Ray of Light, as H C, paſſes Plate 
out of Air into a denſer Medium, as ABF Os F — 


XIV. 
g· 8. 
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Refradlion. And it is ſeveral ways demon- 
ſtrable, that in every Inclination ' of the 
Ray of Light HC to the Surface of the 
Medium AB, thoſe two Sines HL and G1 
will always have one certain or conſtant 


Ratio or Proportion to each other : And 
that HL: GI :t4: 3, if the Refraction 


be out of Air into Water; but HL: GI: 


17: 11, or 3: 2 nearly, if out of Air into 
Glaſs; and in general, the denſer the Me- 
dium, the greater its refractive Power, or 
Diſproportion of the Sines ; all which Par- 
ticulars are render'd very evident by Epe 
riments. 

Ir a Ray of Light, as E C, paſs out of 
a denſer Medium into a rarer, as Water 
or Glaſs into Air, it will, upon entering 
the rarer Medium at C, be refracted from 
its firſt Direction EN into a new one CH, 
which will be farther off from the Perpen- 
dicular K CD; and in this Caſe; I G will 
be the Sine of the Angle of Incidence; and 
HL that of the Angle of Refraction; and 
all other Particulars juſt the reverſe of 
what they were before under the e 


Names. 
HN Cx it follows, that if any Object be 


placed at E, and covered with Water to 
the Height CD, it will be ſeen by an Eye 
placed 


— 
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placed any where above the Surface A B, 
in a Situation lower than would be other- 
wiſe poſſible; and thus Objects which are 
inviſible may be render'd viſible by the In- 
terpoſition of a denſer Medium, as is well 
known by a common Experiment. On this 
Account it is that we ſee the Sun and other 
Luminaries, while they are yet below the 
Horizon, in a Morning before they riſe, 
and in the Evening after they are ſet, by 
the Refraction of the Atmoſphere. Hence 
alſo the Difference in the Diameters of 
the Horizontal Sun and Moon, and their 
elliptic Figure, by the greater Refrac- 
tion of the Rays coming from the lower 
Limb. f 
AGAIN; it follows, that if an Object 
be viewed which is part in one Medium 
and part in another, as a Staff repreſented 
by NE, it will not appear ftrazt, but crooked; 
for if the Eye be in the rarer Medium, the 
Part of the Staff in the denſer, CE, will 
be refracted into the Line CF, and the 
whole Staff will appear in the crooked Form 
NCEF. | 
HENCE alſo all Objects in a denſer Me- 
dium appear raiſed or elevated above their 
real Situations : Thus the Part of the Staff 
CE is raiſed into the Situation CF; and 
| the 
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the Bottom of all Veſſels, if covered with 
Water, appear raiſed, or higher by a fourth hc 
Part of the Depth of the Water, than what 
they really are (XVI). 
. Taz ; 
(xv) 1. If Bodies, on which Light falls, wn BY #* 


fuppoſed to affect it no other Ways than by giving Ad. wl 
miſſion to the Rays, or permitting them to paſs through Tet 


their Subſtance, they would then perſevere in the ſame alt 
Right Line after their Immerſion, as before ; and of thi 
Courſe there could be no ſuch thing as the Refraction 
above defined, But Bodies are not paſſive to the Rays pl: 
of Light, but act upon them with a real and determi. lar 
nate , Sy as is evidently proved by Experiments, - 
Thus if a very ſmall round Hole be made in a thin fot 
Piece of Metal, and the Light of the Sun tranſmitted oP 
1 ' through it into a dark Room; if the Metal acted not - 
| on the Ray paſſing through the Hole, the Spot of Light — 
| would always be of the ſame Size with the Hole at all i 
| Dreſtances from it; but becauſe we always obſerve the on 


luminous Spot is larger than the Hole, and the more 5 
ſo as it is farther diſtant, is a plain Proof that the Par- J 


ticles of the Metal in the Periphery of the Hole act with — 

an attracting Force on the Rays of Light, and inſſedt l 

them in ſuch a Manner as to cauſe them to proceed di- tie 
| verging from each other. L. 
| 3 15 like manner, if the Rays of Light are made to 75 
| paſs between the parallel Edges of two Knives placed Jar 
| at the Diſtance of 4s of an Inch, we ſhall obſerye on W 
| each Side the tranſmitted Beam a Glare of Light like 4 
| that of the Tail of a Comet, if the Beam be received & 
| on a Sheet of Paper, at the Diſtance of about 4 — p. 
| Foot from the Knives. And if the Knives are pl _ 
| with their Edges about 585 of an Inch apart, inſtead of the 
| the Light above-mentioned, you'll obſerve on each Side % 

the Beam of Light, three Fringes of colour'd Light * 


parallel to the Edges of the Knives, which are more | 
| diſtin as the Hole of the Window or Beam of Light hs 
| is leſs. 
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Tax Sun's Rays, as I have ſaid, are not 


Zok 


homogeneous, but of different Kinds; and . 


- each 


3. If the Edges of the Knives be brought within 
i; of an Inch, no Light will appear on the Paper be- 
tween the ſaid Fringes, ſo that all the Light which 
paſſes between the Edges is inflefted on either Side, 
which plainly. ſhews that Steel acts at the Diſtance of 
Ne Part of an Inch upon the Rays of Light, by an 
attractive Force which is increaſed as the Diſtance of 
the Knives is diminiſhed. 1 

4. On the other Hand, the Shadows of all Bodies 
placed in the Beam of Light in the dark Room are 
larger than they ought to be, were the Rays of Light 
to paſs by them unaffected by any Power from them; 
for then the Shadow would be at all Diſtances of one 
and the ſame Bigneſs, viz, equal to that of the Body; 
but ſince we obſerve the Shadow always larger than the 
Body, it follows, that the Rays muſt proceed diverging 


from the Surface of the Body, which they could not do 


but by virtue of a repellent Power, which cauſes' them 
to ſeparate to a greater Diſtance after they have paſs'd 
by the Surfate of the Body ; thus the Shadow of 4 Hair 
= been obſetved 35 times bigger than the Hair it- 
elf, 

5. This attracting and repelling Power in the Par- 
ticles of Bodies, by which they inflect the Rays of 
Light, is the Cauſe of all Reflection and Refraction 


of Light, of which we ſhall now treat more particu- 


larly, Let there be tro Mediums (ſuppoſe of Air and 
Water) and a Ray of Light H G in the rarer Medium 
(Air) tend 3 a Point K in the Surface of the den- 
ſer Medium ¶ Water) AB; the attrafting Power of the 
Particles in the Surface of the denſer Medium extends 
to a certain ſmall Diſtance, as to the Line EF; as ſoon 
then as the Ray is arrived at the Line E F, it gets into 
the Attraction of the Medium, Which acts perpendi- 
cular to the Surface. | Mrs 
6. The Particle of Light in the Point G, begins to 
be acted upon by two Forces; one derived from its na- 
tural 
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each Sort has a different Degree of Refran- 
gibility, that is, in paſſing through a denſo 
| Medium, 


tural Velocity in the Direction G K, the other derived 
from the attracting Medium in the Direction G1; let 
then the Parallelogram G K MI be compleated, and 
*tis manifeſt (from what we have ſhewn already) that 
the Ray will move in the Diagonal of this Parallels. 

ram, vix. in the Direction GM, and impinge on the 

urface at L. | 15 

7. Now ſince the Ray of Light, after it comes to G 
is influenced by the — Views of a N of 
Particles continually increafing till it comes to L, the 
Force therefore by which it is urged in the Direction 
GI, is a Force uniformly increaſing, like that of Gra- 
vity; its Motion therefore will be conſtantly accele- 
rated, and its Direction G L not a Right Line, but i 
Curve. But ſince the Diſtance GI is indefinitely ſmall, 
the Curvature of its Path for ſo ſhort a Space is not 
2 and may therefore be repreſented by a, Right 

ine. 

8. Let NO be drawn parallel to the Surface A B, at 
the ſame Depth below as E F is above it; and then it 
is evident that ſince the Particle of Light is attrafted 
every way equally within the Diftance of IG all round, 
the Attraction will be greater towards the Line NO s 
it approaches nearer to it ; conſequently its Motion 
will till be accelerated from L to the ſaid Line, and 


\ 


will alſo be a Curve; therefore the Particle will not go 


on to M in the Diagonal G M, but will go to a Point 
4 in the Curve LP, nearer to the perpendicular Line 
* After it is arrived to the Line N © in the Point 
P, the Attraction will be on all Sides equal, its Motion 
or Velocity uniform, and its Direction a Right Line, 
till it comes within the ſame Diſtance G I of the undet 
Surface of the Medium CD, where its Path will again 
begin to be incurvated into RS, and every thing wi 
be the Reverſe of what we have now obſerved at its Im- 
merſion, 
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Medium, they are differently diſpoſed to 


their 


merſion, that is, RS will be ſimilar to G L, and 8 V 
parallel to H G, or the Angle HGX=VSY. J. 

10. The denſer any Medium is, the greater will be 
the Number of attracting Particles in a given Space, 
and ſo the greater will be the Force GI, or the refrac- 
tive Power of the Medium; thus Water is leſs denſe, 
and therefore has a leſs refractive Power than Glaſs, and 
Glaſs leſs than Diamond. But Oil, though leſs denſe 
than Water, have yet a greater refractive Power, as con- 
taining a greater Proportion of Sulphur than other Bo- 
dies; for ſince Action and Re- action are mutual and 
equal between all Bodies, and ſince we ſee that Rays of 
Light congregated by a Burning Glaſs a& moſt upon 
ſulphureous Bodies in turning them into Fire and Flame, 
ſo on the ann, Sulphurs, Oils, Spirits, &c. ought 
to act moſt upon Light, as we conſtantly find they do; 
and Sir * Newton thought it reaſonable to attribute 
the refractive Power of Bodies chiefly, if not wholly; to 
the ſulphureous Parts with which they abound. 

11, Since the Velocity of Light in different Medi- 
ums is different, let its Velocity in the rarer Medium 
from H to C be to that in the denſer Medium from C 
to E, as m ton; and ſince the Spaces deſcribed are as 
the Rectangles under the Times and Velocities, the 
Times will be as the Spaces directly, and the Velocities 
inverſely ; whence the Time of deſcribing the Line 
HC will be to the Time of deſcribing the Line CG, 
a0 XH C ton Xx CG. Let CIS , CL =b, HL 
11G Se, and IG=x; then will HL =c—x, 
and conſequently CGS aa T xx, and HC = 

bb +cc—2cx+xx; whence the Time in which 


HC+CG is moved through is m\/aa+xx+n 
VbbÞFic—2 cx Tx Xx. | | 


12. Now admitting that Nature does every thing in 
the ſhorteſt Way, we have the foregoing Expreſſion of 
the Time a Minimum, and ſo its Fluxion equal to No- 


thing, 


be refracted,. being bent or turned out of 
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their firſt Courſe to different Diſtances m 


the Ferpendicular t And theſe ſeveral Sort 
25 | . af 


BY NK cx 4 4 


thi 4592 m . A 
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whence we have ä NE 
. 
en | N . 
7 
r mXIG Sa HI; and conſequently, n f 
ꝛ: 118. * # 
13. But the Ratio of mito n, that is, of the Velocity 
before and during the Refraction, is conſtant, or alwa 
the ſame in the ſame Media; therefore the Lines H 
and J G are in a given or, conſtant Ratio. Hence we 
have this fundamental Law of Refraction, That'the Sind 
of the Angle of Incidence is always in a conſtant Ratio 
the Sine of the Angle of Refraction, in all Inclimations af 
the incident Ray wuatſoever, 3 
14. Since the Proportion of theſe Sines is conſtant, 
it remains that we determine what that Ratio is in dif- 
ferent Meuia; and for that Purpoſe there are various 
Methods, one of the beſt of which I. ſhall here deſcribe, 
but muſt firſt, premiſe the following. Lemma, GH 
be an equilateral Triangle, and let the Angle D he bi- 
ſected by the Right Line DO; let. A KMC 
parallel to the Side G H, and through the Point K 
draw IK N cutting OD in N; then is the Angle AK, 
SNK B, as being vertical to each other, | Alſo the 
Triangle NK D is divided. into two ſimilar and equian- 
gular Triangles NK B and B K D, by the Perpeudicu- 
lar K B; and therefore the Angle N E Bisegualee d 
Angle K DB. All which is evident from Huis El- 


ments *- 


15. Suppoſe now that G HD be the Section «df « 


Priſm of Water or Glaſs, or any pellueid Medium, and 
K M a Ray of Light paſſing through it parallel to the 


Side GH; and let it go out of the Priſm and hege 


fracted into the Air on cach Side into the Directions yy 
I an 
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| 
+ WH thoſe which are leaſt refrangible are red; 
f 8 the 


and ME; upon the Point K deferibe the Semicirele 
PIQ; then is NEB (= KDB)z= AK1, the Angle 
of Incidence out of the Priſm into Air, and FK Tis 
the Angle of Refraction; r er A Run F'S 
are the Sines of the Angles of 1 idencs ang N- 
tion out of the Priſm into Ar. K 

16. On the contrary, we may conſider FK as the 
incident Ray falling upon the Priſm in the Point K, and 
rerafted in the DireRtion K M parallel to the Side GH, 
which at the Point M emerges again into the Air in the 
Direction ME, making the Angle E ML with the 
perpendicular M L, equal to the Angle F K I. In this 
Caſe the Angle F KT 18s the Angle of Incidence, and 
NKB is the Angle of RefraQtion in the Priſm; which 
Angle of Refraction is therefore given, op conftant, as 
it is always equal to the Angie K I B, or half he 
Angle of the Prim. 5, 

17. The Angle of Incidence FK I conſiſts of two Plate 
Parts, viz. of the given Angle AKI (=K DB) and xxxvI. 
the additional Angle AK F. Now the Angle AK I Fig. 6. 
is known, as being 3 to half the Angle of the 
Priſm; and the Angle FK A is known by placing the 
Priſm by the Centre of a graduated Semieircle, as ABC, 
carrying an Index, -whoſe two Arms FK and K E are 
equally elevated above the horizontal Line A C, and 
correſpond to the incident and emergent Ray F K and 
ME in the other Figure. For here tis evident, if an 
Object be placed on the End of the Arm F, it will be 
ſeen by an Eye looking through the Sights at the other 
End of the Index E; and when the Obje& is thus 
ſeen, the Angle AKF is known by the Number of 
Degrees which each Arm cuts upon Limb of the 
7 ſemicircle, : 5 6 

18. This Number of Degrees, added to the conſtant 
the Number 30% which is equal to half the le of the 
| Priſm, gives the whole Angle of Incidence FK I; and 
45 thus the Angles of Incidence and Refraction being 
Vol. II. X found, 
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tie ſeeond Sort. Ocenge; \the-third Ser, Ml * 
Nullow; the forth Sort, Greunz ti f ſev 


on the Ray K M at its Exit into the Air, and.cavle; 
to be refracted farther, from the Perpendicular IK « 
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N f ft 169 214 cgi 0 THY: 141174 AC Sort, fra 
1% ofthe Sine FS and AR wi 11. tan 
| 0 t ines 

d e — n ys the ſame while th henry 1 
or of the Priſm remains * ſent 
18 " | 
ee, For es 7 e Ar 9 5 un 
Vater; 11 %6 neeſary to 2 each — —— into 
N I | 

| een tE; then 12 2 
FRA TAN I. e g 16 of. Leet F. 


But the Sie FS of is to the Sine AR be { 
to 3 1 nearly. 


ow it is plain 7 the Ratio of the Vines A and 

34 $ were not fix 4 ght be in ay Nato that 
er or leſſer — 5 R, the — — Ray F K m 

make an Angle F K I greater or leſs than 429, and yet 


the Object at F be ſeen by the Eye at E; but this we Ang 


find b Experiment to be impoſſible, e, becauſe there is wo their 


other Elevation of the Arms of the Index that will er- 2 


hidir the eee of the Object, but e nd ] 
mentioned... will 


on 20, If GHD were A Priſm of Glaſs, as that inn Thu 


denſer Body than Water, ſo its refractive Power will be 
greater, and [conſequently it will act more ſtrongly up- 


ML. Therefore the Angle of Incidence out of A 


into Glaſs, viz, the Angle F K I, ought to he greater 
and ſo to require a greater Elevation the Legs of th rity « 
Index than before in the Priſm of Water: Abd this VI Tb 
find by Experiment is the Caſe ; for then the Elevation of Ir 
inſtead of 129, muſt be about 229 or 230. being 
21. Hence tis plain, the Sine of Incidence F S mil fang 
in a conſtant Ratio to the Sine of Refraction AB conta 
. becauſe, ſince the Angle AK L is invaziable, (v6 Denfi 
always equal to G D O) and in the ſame; Medium G | rities 
H, the Angle FK I muſt always be the ſame, beta n ref 


the refractive Power i is every where ſo; — th 
gle 


Of Licnr\and Gorgune 
bort, Blue; the ſigth. Sort, Judign; and the 


frangible, or refracted to the greateſt Diſ- 
tance from the perpendicular. = 

To illuſtrate this Matte), Jet & F repte- 
nt a Parcel of the ſolar Rays {entering 


through the Hole H of a Window -Shy | r 


n a darken'd Room; and there J 
them fall on the Priſm A B O, in the Point 
F; In paſſing through the Priſm they will 


be ſeverally refracted in à different Degree, 
and thus ſeparated from each other, ſo 


that at their Exit on the other Side at E, 


"7 pity 3 1nthey 
Angles being conſtant, the Sines will be ſo too, or 
their Ratio to each other 8 the ſame, 


22. As by this Inſtrument the Angles of Incidence 
and Refraction are diſcovered, the Ratio of their Sines 


will be known of courſe, for each reſpective Medium. 


Thus in Vater the Sine of 42% is to the Sine of 30? 
% 4 to 3 very nearly; and in Glaſs the Sine of 460 is to 
the Sine of 3o® as 3 to 2, or more nearly as 17 to 11, 
By ſome Experiments it has been found, that the Sine 
of Incidence is to the Sine of Refraction in Diamond 
& 5 to 2. . 

23. But fince in Phyſical Matters we have no Autho- 
nity comparable to Sir /ſaac Newton, I ſhall here give a 
Table (from his Optics of the Proportion of the Sines 
of Incidence and Refraction of Yellow Light (that 
being nearly a Mean between the greateſt and leaſt re- 
rangible Rays, as we ſhall ſee farther on). This will be 
contained in the firſt Column; the ſecond expreſſes the 
Denſities of the Bodies eſtimated by their Specific Gra- 
ties; and the third the refractive Power of each Body 
u relpect of its Denſity. 

X 2 24. 
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Plate 
XXXVI. 


Fig. 7. 


* 


of Lienr and Cotovie. 
they will Neochel at different Diſtance 


from! the” Perperdieutar EP to he 8 
„ BiB. „ Do- © "Gi 10 
= The Refradtng Body. N 4 
+, JAit' - — — 3201 co 3200 850018 6 is: 
+ {Glaſf of Antimony 17 to 532860; the 
A PſeudoyTopaz. 23 to 141442700} Mi 
A Selenites! ——— | 61 to 41,220 $386 th 
ominon Glaſs | _ 31 to 20 1 ost | 
Sryſtal of the Rock | 25 to 162, 5800 W 
Ifland Cryſtal —— | '5 to 32,200 . 

Sal Gemmz =—— |' 17 to 17,430 6457 * 
um— — 35 to 241137140] 657 * 

Borax — _— 22 to 15 1,7140 J it 
Nitrekm— 30 to 21,9080 7% * 
Dantzick Vitriol + | 303 to 20011, 7150 [) 
Dil of Vitriol 12 to 71,7000 og 
| [Rain-Water, —— | 52g to 396\1,0000| 785 of 
Gum Arabic '—— | 31 to 21%, | f 
Spirit of Wine rectiſied 100 to 730, - 
I[Camphire— | 3 to. 20,9960 d 
Oil live py — 22 to 1500, 9730 50 fra 
Lintſeed Ol, —— | 40 to 27/0,9320|I281 
-, [Spirit of Turpentine 28 to 17/0,8740 the 
IlAmber 14 to 91, og Ap 
[A Diamond = —.— 41134209 refi 

| | 64 - che 
25. The Restaction of che Air i in this Table 5e 
termined by that of the Atmoſphere obſerved by Al pr 
nomers; for if Light paſs — many refractiag dub. in 
ſtances, or Mediums, ually denſer and dene d the 
terminated with parallel Surfaces, the Sum of all tu 8 int 
Refractions will be equal to the ſingle RefraRiont H 
woes have ſuffered in paſſing immediately out of tit WY Ha 
firſt Medium into the la; becauſe the imme 8 bell 
will be parallel to the incident one in every 2 
ſingly (by Art, te), if they were ſeparated 3. ad we At: 
being, contiguous can make no Alteration, Hener, 8 to 
A A be the Medium of Ait interceding two diffitent Wil the 
Media, as B B of Water, and CC of Glaſs ; then e of! 
e aneh ei any of ab Water is parallel to * — 


71 


\ * 
; . 


6.) Kd. Tae 
Of Lienr and CoL9Us, 
(1:40 5535 ig lud 703; 


Fide of the Room, where. ey 1 


long and various-colour'd . of the 


Sun 


r 2 — — 4 uv, . am? * — 


ac. and e 78 2 out. of lag 

is Se to the incident Ray i whenee tis plain, 
bs Aefraction of the Ray 7 ia eee anni the two 
Media B B and CC were contigumusz the Ray i in 
that Caſe being loft, "which makes np Difference. 
26. Hence, if the Sine Ingigenes out of Air into 
Water be to the Sine of Reffaction as. (a h: de: R, 
and that of Incidence the Sine of Reftaction out 


of Air into Glaſs as, 70 : = #4 — 2 


Tn — de X1] 


IXde; 0 b what the 1 . 'B : 1e 
7 uous, de will be the Sine of Incidence out 
ater . into N aid i it n 11 Sine of Re- 
Fan therefore cf: M 551R X42 RX 1, :: the 
dine of Incidence out of Whier- 40. the Sine i Re- 

fraction in Glaſs. WE — HOO. 
27. 1 cannot here omit. to mention th6abrurats! Me- 

thod which was made uſe of by Mr: Hatoſtſbes, at t 
Appointment of the Royal Society, to dete Us the 
refrative Power of the Air, which was thus : He made 


choice of a diſtinct erect Object P, TAY Di ance £ 3 | 


2588 Feet; a Priſm A B Cas . & of its ir, an 
2pplied to the End of a 10 Foot T With 4 
in its Focus. The Object was ce, iewed 2 
the Vacuum by the Ray FES; then a ütaſttit the 
into the Priſm, the biect Was ſeen to riſe bone 
Hair gradually, as che Ait kntered; in E Tad, te 
Hair was found to hide a Mark in che Obje& x he BY 
below the Mark, as at P; J that PM '= ro w 
28. This done, the Condenſer was applied, and one 
Atmoſphere injected into the Priſm, which was applied 
to the Teleſcope, as before, and letting out the Air, 
the Object was ſeen to deſcend through the ſame Space 
of 101 Feet. Now fince the Radius PI = 2588, aud 
M 10,25, we ſhall find the Angle PI 68”, 
the half of which gives 34” for the Angle QD I, which 
X 3 taken 


Wet 9100 l ; 
3160 0% Lier and Corovns, 


"1 


Sun XV,. Which is, perhaps, one bf: the 
moſt ſurprizing and agreeable Speftacle of 
Nature, 


Lahe | ; 

— 7 L * 

54 4 1 = Taz 
0 14 5 40 15 l 


taken n the 10 = 320 = half the 
Angle of the 5 0D; ives 03 Þ Der LDs$ 
= 319 59' 26", and ſo the Sine of — r 
dence in Jacuo (3a?) i is to the Sine of the Angle of 
Refraction nip Air (319 390 26") as I©00000 to 
9997 (ser Mr, Hfrunbet s own Figures" in Plat 


_ 2 order 15 underſtand the Difference dees 
true and apparent Places of Ohj jects, ſeen 
edium ak different Denſity” 25 the Air, let the 
cheme be conſtructed as in 1 7 igure, where the Sine 
Plate of Incidence and Refra jon are HL and/GT; and 
XXXIV. theſe are in a given Ratio of A to B, that is, BL: 
Fig. 9. GI; A: B; 98 1 of parallel Lines N Kc, 
we have H ＋ thefefore NK: 18 1 
I FC: NG HC:: CE; 0 be 
| 7 P E,; is parallel t. to K 5, therefore Cc E : C' 


* fince the Ra E C coming from 10 9 
1 is refracted in the Air into the Ray HC, if 
be continued to F, the apparent Place of the Object 
will be in the refracted Ray at M in the P icular 
EP, and projected to F on the horizontal F ane OR, 
but the Point M will always be the viſible Place of the 
Image; therefore when the Angle CE O is 1 
ſmalf, or the Point C Ceindides with O, the Lines C 
and, CI will become O E, and OM; and in that cat, 
OE;OM::A; Be: 43 in Water. Whence 'tis 
| eyident that the apparent ace of an Object immetſel 
in Water, and yiew'd in the Perpendicular, unter 


P ⁵˙ A ] NÄ.L nr en nn nn OOO — 
— - - 


3.of the Depth of Water. 
4." > bs, But if the Medjum be Glaſs, then OE: OM: 


3. 2, or more nearly as 17 to 11; fo that 1 OE= 
M, or the apparent Place of an Object ſeen througb 


2 Medium of Glaſs, will be at the Diſtance of jj 
e 


| = 


FED er Fri 


Ac 


23.7.0 


Ss © — * 
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Of Lieut and Corovs,. 


Tux ſeveral Sorts of Rays, after they 


ue xefracted, appear in n own proper 
oro 


the Thickneſs of the Glaſs O E. In Diamond; it CAN 
be at the Depth of 2 of the Thickneſs, and ſo; on for all 
the other Bodies mentioned i in ay. foregoing Tab Table, 
32. On the other Hang, & Point. C reced es from 
the Point O, the Angle © E O, which is irren to the 
Angle of Incidence E D, becomes greater, and there- 
fore alſo the Angle of Refraction H C K, or the re- 
frafted Ray H C, will have a greater Inclination to the 
horizontal Line AB, and therefore alſo C F; on which 
Account *tis evident. — Difhance of the apparent Place 
of the Object, vis el fem OM, will decreaſe, ; and 
of courſe the Ob 0 Ne to riſe in the Perpendi- 
cular. And when E O is fo great, "that 
the Ray C H is refracted pat the Horizon or be- 
comes coincident] which A C, then CM will become 
CO, and the Object at the Bottom at E will. appear on 
the Surface of the Medium at O. 
3. In this Caſe, if the Medium be Aer we have 


CE: :CO:n:&: „hence we ſhall find O E pt +, 


nearly ; ; therefore in any Veſlel, whoſe Width i 

=b, and Depth OE = 2,65, when fill'd with Water, 
any Objed placed at the Bottom, when viewed in the 
Perpendicular, will appear raiſed from E to M, g of the 
Depth; and as the Eye recedes from the Perpendicular 
to the horizontal Line A C, the Obje& will appear to 
riſe from M to the Surface of the F luid at O; all yhich 
may be confirmed by pouring Water into a common 
Tea-Diſh, or Baſon, and viewing Fe, Flower, Ge. 


painted at "the Bottom, 


34. Hence appears the Reaſon w ight e Stick, a as 
NCE, when placed with one Part N in Water, w 

always appear crooked, viz. in the Form N C M, he 
Part CE being raiſed by Refraction into the apparent 
Situation CM; and the Part under Water will always 
appear ſhorter, for. E C will be contracted into C M. 


All which is known by common Experigher, 


X 4 1 35% Alta 
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Plate 
XXXIV. 


Fig. 9. 


31. But if t. be G 1 
3 2, or more nearly as 17 to 11; fo that 33 0E · 


n, 1 
Of Liehr and Colours, 
d : 5 SN . | 8 = 4 ity 
Sun X Y, which, is, perhaps, one of the 
moſt furprizing and agrecable Spectacles of 
Mw... 2 


0 a 12 Us 2 WASH 
taken from the QD E or 20 = half the 


1-4 
ve? 


Angle of the Priim) gives * Angle Dor Ds 


= 319 50“ 26”, and ſo the Sine of the Angle of Ind. 
dence in. Jacus (32%) is to the Sine of the "Angle of 
Refraction into Air (319 59 26% a5 1000000 6 
9997 36. (Fx Mi;  Hawkſbee's own Figures in Plat 
35s Ig. 77 8, 9.) an 2 3 27 os 
29. In RENE underſtand the Difference between the 
true and apparent Places of Ohjedcts, ſeen through 
edium T” different Denſity ' from the Air, let the 
cheme be conſtructed as in the Figure, where the Sine 
of Incidence and  RefraCtic are HL and G Iz and 
theſe are in a given Ratio of A to B, that is, HL; 
GI :: A: B; but becauſe of parallel Lines N:@KC, 
we have HL NK; therefore NK: TG ATB. 
NC: I. H.; but N C: HC:: CE: CM be 
cauſe P E is parallel, to K D, therefore C E: CM; 
ml” Raga IN VID JT Fi 51 oi ers 


** 


A. * Po 7 IT * ' 
449 255 Now ſince the Ray E C coming from an O 
at E 


is refracted in the Air into the Ray H C7; iH 
be continued to F, the apparent Place of the Objed 
will be in the refracted Ray at M in the Perpendicular 
EP, and projected to F on the horizontal Plane OR, 
but the Point M will always be the viſible Place of the 
Image; therefore when the Angle CE O is 1 7 
ſmall, or the Point C coincides with O, the Lines C 
and C M will become O E and OM; and in that eit 


.OE:;: W M A; 1 „ in Water, Whence i 
eyident that the apparent Place of an Object immetſa 


l 185 r a * " 
in Water, and yiew'd in the Perpendicular, will bez 


4of the Depth of Water. | 
8 the Medſum be Glaſs, then OE: OM: 


OM, or the apparent Place of an Object ſeen throug! 
a Medium of Glaſs, will be at the Diſtance of jy 


— = poo coSd © =» = ere. Gee. 


Of Lienr and Colours, 
Tux ſeveral Sorts of Rays, after they 


are refracted, appear in their on pro 1 
e Colours 


the Thickneſs of the Glaſs O E. In Diamond, it would 
be at the Depth of 2 of the Thickneſs, and ſoon for all 
the other Bodies e e Table,, 
32. On the other Hand, as the Point C recedes from 
the Point O, the. Angle CE O, which is equal to the 
Angle of Incidence EC D, becomes greater, and there 
ſore alſo the Angle of RefraQtion, B CK, or the re- 
ſmcted Ray H C, will have a greater Inclination to the 
horizontal Line A B, and therefore alſo CF; on which 
| Account *tis evident the Diſtance of the apparent Place 
o the Object, viz. the Line, ON will decreaſe, ; and 
te BY coure the, Obje, vj] oem 29 rife in the Perpendi- 
ines cular. And when the ngle EO is ſo great, that 
and the Ray C H is refracted parallel to the Horizon or be- 
L: comes coincident] which A C, then CM will become 
X, CO, and the Object at the Bottom at E will appear on 
B: the Surface of the Medium at O. <A 5 S, | 
33. In this Caſe, if the Medium be Water, we have 
ct CO 24: 3 whence we ſhall find O E 88 
nearly; therefore in any Veſlel, whoſe Width is 2 C 
5 b, and Depth O E = 2,65, when fill'd with Water, 
CB ny Obje& placed at the Bottom, when viewed in the 
ject Perpendicular, will appear raiſed from E to M, +of the 
ular Depth; and as the Eye recedes from the Perpendicular 
to the horizontal Line A C, the Obje& will appear to 
riſe from M to the Surface of the F luid at O; all which 
may be confirmed by pouring Water into a common 
Tea-Diſh, or Baſon, and viewing the Flower, Ec. 


„painted at the Bottom, 2 OR 1 4 

* 34. Hence appears the Reaſon why a ſtraight Stick, as 
Fed NCE, when placed with one Part EE in Watef, will 
e at always appear crooked, viz. in the Form NCM, the 


Part C E being raiſed by Refraction into the apparent 
Situation C M; and the Part under Water will always 
appear ſhorter, for, E C will be contracted into C M. 
All which is known by common Experience. 
„ eee 
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, wed Corobig) _ 


Edlourk:in Order us folldwh, i-pit. Thi 
SAY 1s or ft ,O ff 5 Peꝛrpen- 


parent Place Objects ſeen'thr a Meui 
worries DION 
$ re to the t ne 
125 Oday el i Body inimetſed [wie 
m «Poſition bor ord inclining to the 


Horizon, 
r'a e ion of Rays the lame 
Fe e N. Ae and ee 
Jowertnoft Semicircle will put on the 4 
2 1 1 ; and alſo the upper one, but not ſo much 
he Refraction being leſs than below. The Conſe, 
Real of which, is, that On ae thus viewed. in the 
ium will appear elliptic hs Having its vertical Di 
Ty ae by the Refrath ion; whereas the hori- 
tameter-will remain of the ſame Length, be- 

the: Te raiſcd apparently above its real 
whence the Reaſon. of the Fi igure of the horizontal Sur 

Wd Moon: above mentioned. 

36. From what has been faid, 'tis eaſy to uhderſiand, 
that Figs the ot: E C in the Medium is N 
T rly parallel or coincident with the Horizon 
205 hits Gale. (if the Medium be Water) the 
LCs = AC bei ing Radius, we have the following 
As HS 5 3, ſo is Radius A Cor CE U 


ogy 3 
we Sine of the Angle of Refraction CO or DE ; which 


Angle is therefore nearly. 489; Lay, tis eaſy to under. 
Rand, that if the Ray of Light L. U fall * 
face of the Medium with a greater Obliquity than whit 


is here ſpecipeds that is, ſo as to make the An e 


9 than 48“ the Ray will be wholly refl 

the Air e the low 85 Surface, and none will go out into 
ir As eith nrface af the Medium, 

11 Again, i if, the Medium be Glaſs, ſince the 'Sines 
of Incidence and Refraction i in that Caſe are as 11 t0 
i 7 the A (WEE ECD will be about 41%, when the re- 
Re 25 H becomes coincident with the hortzon- 
Line C; and therefore when the Angle! is greater 
2 the 


wh Kits Als es BYE, the B 


. — OOIEERNSD ITY BEVERY ea SS=ERLSS T BH > 


1 1 ©&S & 


w 


perpendicular P E, are Red and make che 
are the Orange at O, the Telluo at Y, the 
Green at G, the Blue at B, the Indigo at I, 
and the Violet at V: And theſe Seven are 
all the original imp Colours in Nurure; 
and of which, by various" Mixtures, all 
others are compounded, in the common 
Refractions and Reflections from natural 
Bodies (CXVIIl. e e 

49 bea, „aden 


the Light will be wholly reflected from one Surface of 
the Glaſs to the other; and never let out into the Air; 
whence it follows, that though the Particles of Matter 
in Bodies be in themſelves tranſparent, yet if they are 
ſo diſpoſed one among another ub to refle&t the Light 
very obliquely, tis plain, the Light in ſuch a cafe'will 
be loſt by various Reflections Within the y, and 
thus prove a Cauſe of the Body%s Opacit xx. 
(CXVIII) 1. This different Refratigibility" of the 
Sun's Light proceeds from hence, that the Partieſes of 
Light are of different Degrees of Magpitude; for if 
any Power act upon a Body, To as to give it a particu- 
lar Determination or Direction of Motion, that Deter- 
mination or Direction of the Body's Motion will always 
be the fame, while the Energy of the Power and "the 
Quantity of Matter remain the fame, and will be va- - 
tiable in Proportion as either of 'theſe is ſo. 
2. But the refracting Power of the Medium will be 
aways the ſame while f is homogeneous or all of one 
Sort of Matter, therefore when a Ray of Light paſſes 
through a Subſtance of Water, Glaſs, Cryſtal, &c. and 
a different Direction of Motion is thereby communicated 
to different Parts of the Ray, it follows, that the Particles 
which conſtitute thoſe Rays, which' have a different Dis 
edle, muſt be among rhemlehies unequal in One 


—— — _ _ — 
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to the Air, they will be 


N Pier and Co,ονο , 
1:61 xu / Lens d begin the manner gf 4 
Priſm, more, or leſs ſeparate the Rays of 


A. Matter, zand |conſequgntly in Bulk; and fince the 
Quantity of Motion is in, the Ratio of te Ban and 
Velocity, (in chis Caſe). *ris\ plain, the greater the Ve. 
lacity-i3;»the leſs;rwill be the Bulk; and therefore thoſe 


fot + 


Rays, of Light which ii er the greateſt Refraction ate 


leſs in Bulk or Magnitude than others which are not ſo 
much refracted the greater Particles being not ſo much 
ſubject to the Power of the Glaſs ; as a large eedle js 
not ſo euſily moved by a, Loadſtone, nor -at ſo gent x 
Diſtance. 2 > 8 LA 04 ; | | 

3. This being the Caſe, tis eaſy to be underſtood, 
that when a Beam of Light, 48, II F, is let into a dark 
Rom; through a Hqle in the Window -Shutter, and is 
made to: fall. on: a Priſm A CB, at F, it will be attradted 
by the Surface of the Glaſß at E in a perpendicular Pi- 


rection, and cauſe the ſeveral Particles to deviate from 
their -right-lined Courſe to T, (which they before had) 
and decline towards the Perpendicular @ , that is, to- 
wards the Parts Fa within the Glaſs ; which Deviation 


or Refraction will be greater in Proportion as the Fu- 
ticles of Light are ſmaller. | | 


4. Hence the feyergl Particles of Light will p roceed 


from the Side A C to the Side D C in different Direc- 


tions; where, when they arrive, and go out again in- 
| again affected by the ſame at- 
tracting Power of the, Glaſs, which will here produce 
the ſamg Effect as before, that is, it will cauſe each 
Sort of Ray to incling towards the Side of the Glals, 


and conſequently. to be refracted from the Directions they 


+ had in the Glaſs, and from the Perpendicular 
= Thus thoſe: Rays, whoſe Particles are latgeſt, 
will deyiate leaſt from the Perpendicular, and will there. 
fore go to R, and make the loweſt Part of the colour 
Spectrum, and theſe will appear of a Red Colour. . Ihe 
Particles next leſs in Magnitude will be ſomewhat more 


kreſracted, and will go to O, and be of an | Jrange | 
7 N , 
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Of Lisnar upd Gerdi 


Light paſſing chrough it, It follows; chat 


all the ſeveral ' Sort of Rays will. have 
| their 


hur ; the next Size leſs wifl be ſtill more refracted; 
and appear Yellow at T, and thus the RefraQiow:will 
roceed in the Green àt G, the Blue kt B, the lag 
it I, and the Vivlet-cibitred Rays at V; — — 

are moſt refracted, are thereby proved to he che lea 
of all in Magnitude. 1 . : . „ed Ae: 41 
6, I ſhall now proceed to ſhew, ſince the Sun's 
Light is variouſly refrangible, what the particular De- 
tee of Refraction is which every Species of Rays un- 
dergoes, and the Sines of thoſe Angles reſpectively. In 
order to this it muſt be conſidered, that the Sine of In- 
cidence Bs the ſame in alb; and that when the Inci- 
dence is ſuch as that the Ray F K, upon tho firſt Re. 
fraction, ſhall paſs in the Direction parallel to the upper 
ide of the Priſm G H, the Refractions made at each 
Side of the Priſm are equal, and equal to the refracting 
Angle of the Priſm G DH; all Which is evident from 
what was demonſtrated in Annot. CXVI. 
7. Alſo it is known by Experience, that when the 
Prim AB C is held with its Axis perpendicular to the 
Sun-Beam, and then turned round upon its Axis, the 
Image or coloured Spectrum will firſt deſcend to a cer- 
tain Limit, where it will become ſtationary, and then 
aſcend to the fame Place as at firſt; whence it appears 
plain, that ſince the Altitude of the Image above che 
Place where the Sun-Beam would fall, were the Priſm 
away, is owing to the Sum of the Refractions made at 
each Side of the Priſm, while the Image deſcends the 
Sum of theſe Refractions decreaſe, and when the Image 

aſcends the ſaid Sum muſt increaſ e. 
8. Conſequently, ſince the Image falls twice upeh the 
ſame Place in one Rotation of the Priſm, there are two 
Poſitions of the Prifiti wherein the Sum of the Refrac- 
tions at its Sides are equal; and theſe happen when the 
Angles of the incident Beam HDL and O:D are 
ſuch as will cauſe the refracted Parts D G and DF to 
be equally inclined to the Sides of the Priſm, but con- 
; trary 


. 


813 
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| their proper Forus's, or be convened to ſo 


many different Points in the Axis of the 


wy Ways; chat is, ſo as to make the Angle DGB 
= DF, and GDB = DF ZB, and therefore the 
Triangles DB G and DB F equi-angular.. For in the 
Poſition of the Ray HD G the Refractions at the 
Angles D and G are reſpectively equal to the 157 
E and D in the other Situation of the Ray O DE; 
and therefore the Sum of the Refractions on each Side 
in each Caſe muſt be equal, and tauſe the Image to ap. 
pear twice in the ſame Place. | 

9. While the unequal RefraRions at each Side the 
Priſm, at D and G, or D and F, are approaching to- 
wards Equality, the refracted Ray D G or DF is con- 
tinually approximating to the Situation D E; where 
when it arrives, the Angles at D and E being chen 
equal, the Refractions at each Side will — alſo, 
and the Image in that Caſe be brought to its Limit or 
loweſt Site, Then R D will be the incident Ray, and 
EP the emergent one. | ©: 

10. Produce RD and E till they interſe& each at 
I, and any horizontal Line in M and N; then let the 
Angle R MN be the Altitude of the Sun, and P.NM 
that of the Spefirum at P; which Angles are calily 
meaſured with a Quadrant, Their Sum is equal to the 
external Angle PIM, which is again equal to the two 
internal Angles of Refraction I D Q and 1 E Q; and, by 
what has been now ſhewn, ID =IEQ=QDKF ; where- 
fore QDE =DBE = N + M. Hence * NN 
+IDQ=IDKEorRÞDL, the Angle of Incidence, 

11. We ſhall give Sir Iſaac Newton's Example in this 
Affair. The refracting Angle of his Priſm was A BC 
= 62 30", the Half of which is 31 15, whoſe Sine 
is 5188, the Radius being 10000. When the Spectrum 
was in its Limit, or ſtationary, he obſerved with 2 = 
drant the Angle PN M of a mean refrangible Ray EP, 
that is, of one that went to the Middle of the colour d 
Image at P; and by adding this to the Angle RMN 
of the Sun's Altitude taken at the ſame Time, 3 
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lens, and not all to one Point only, 48 is 


neceſſary for a perfect and uniform Repre- 


0 * 


tained the Angle PIM to be 44 40; whoſe Half 22? 
20, added to Half the Angle of Refraction 31 15, 
makes the Angle of Incidence RD L 53 35, whoſe 
dine is 8047. The Sine of Incidence, re, is to 
the Sine of Refraction of a mean refrangible Ray, or 


that of yellow Light, as 8047 to 5188, Which is as 


zi to 20. (See the Table, Annot. CXVII. 24.) 

12. If there were but one Sort of Light, it then 
would be equally refracted, and the Image of the Sun 
would not then be long, but round; and if the Rays 
were firſt received by a Convex Lens, they would all 
paſs to its Focus, and there repreſent the Sun's Im 
rery diſtin ly in a circular Spot, which Image would 
ſubtend the ſame Angle at the Lens as the Sun itſelf does, 
or half a Degree, at a Mean. All this will be demon- 
ſtrated hereafter. | | 

13. If theſe Rays, after having paſs'd through the 
Lens, were received by a Priſm, ſince the Sum of Re- 
fractions at the Sides of the Priſm are equal, (as we 
have ſhewn they are when the Image is ſtationary, Arr. 
8.) the Rays will have the ſame Inclination to each 
other after Refraction through the Priſm as before; 
whence the Angle is not changed, but gives the Image 
of the Sun ſtill equal to 30. But to iluftrate this, let 
MN be the Section of the Window-Shutter in-a dark 
Room, in which, through a Hole O, a Pencil of Rays 
KOL is tranſmitted to the Lens K L; which would 
converge them to a Focus at H, were they not inter- 
cepted by the Interpoſition of the Priſm ABC, by 
which means they are refracted to I. And ſince the 
dum of the Refractions at E and D is equal to that at 
F and G, the Angle F I G will be equal to the Angle 
FHG; and if the Sun were but a Point, its Image at 
H and I would be a Point alſo. _ 

14. But ſince the Sun has the apparent Magnitude of 
v, let the Angle MN be the Angle under which 
the Sun appears; that is, let MQ be @ Ray . 

: rom 
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Plate 
XXXVI. 
Fig. 10. 
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Of Liar \and-CoLounsi 
ſentation of the Itage of any Object: For 
the Red Rays toceading from the Obje 


10 | Will 


from tlie upper Limb of the Sun, and N Q. another 


from the lower Limb. Izheſe croſſing each other in 


the Center of the Lens K L, at Q, make the Angle 
DQE = M QN;; nor is this Angle altered by the 
Refractions through the Priſm, as being equal on each 
Side; therefore the Image at I will be ſubtended under 
an Angle of 30 Minute.... 
15. And ſince this will be the Caſe of every Sort of 
Rays contained in the Sun's Light, if that which we 
have been conſidering be a mean refrangible Ray, then 
the leaſt refrangible Rays will form an Image in like 
manner at R, the moſt refrangible Rays another at P, 
and the intermediate Rays their ſeveral Images reſpec- 
tively. 80 that the coloured Spectrum P R confilts of 
as many circular Areas as thete are different Sorts of 
Rays; and is every where of an equal Breadth, ui 
half a Degree. 1 3 
16. Now 'tis evident, that if the Sun be ſuppoſed 4 
Point, each of thoſe Circles, being the Images of the 
Sun and fimilar to it, muſt alſo be contracted into 2 
Point, and fo the coloured Spectrum PI R would in that 
Caſe have no Breadth ; and its Length would decreaſe 
at each End by the Semidiameter of the Circle P and R, 
and therefore would ſubtend an Angle of 30 leſs than it 
now does; 8 {4 my 
17. In order to determine the Angles of RefraQion 
of the leaſt and moſt refrangible Rays, we muſt firſ 
determine the Angle PI R, which the Image PR 
ſubtends at the Diſtance it is formed from the Priſm 
ABC. The Sun being ſuppoſed a Point, let 8 D be 
the Incident Ray, which continue out to V; and {et 
LD K be perpendicular to the Side A B in the Point of 
Incidence D. The Ray S D at its firſt Refraction is 
diffuſed through the Space G D F within the Priſm; 
D G is the leaſt refrangible Ray, D F the greateſt, and 
D E (parallel to A C) the mean refrangible Ray. The 
Sine of the Angle of mean Refraction ED K to _ 


eher * 


- 


7 - Uo” cc” > WW R ws 


= =  % =3 2.53 


2. 8 N © 


will be converged toad Fücurl uten greater 


Or 
of Incidence I DK has been already thewn to be as 
5188 to 8047, or as 20 to i. Gu | 2Owet an: on! 


18. We are now to find Quantity of the Angles 
GDK and F DK: Since each Ray will fuffer' the 
ame Degree of Refraction at the ſecbmd Surface. as at 
the firſt very n = let the refracted Rays FF, ET, 
GR, be produ and they will interſect each other 
in the Point I, IF. IE, 1G ſeverally very 
nearly equal to Drs therefore dhe An —— IED= 
IDF, — IGD = IDG; therefore: PIV 2 a FDV, 
ind RIV = 2 GDV. Hence HIV RIV S PIR 
= 2FDV — 2 GDV roonfequently,"? PIR ee 
GDV SFO e ref ibn 

19. The Angle PIR is diſcovered by n the 
Length of the Image P. N; and-its/Diftance>fromithe 


Pil ABC. This Sir t Newton has done with 


great Exactneſs. The refracting Angle of his Priſm 
ws ABC = 62 4 the Diſtance of the Spectrum 
18; Feet, the Length q or 10 Inches, the Breadth 2% 
Inches. This ſubducted from the Length leaves: 74 
for the Length of the Image were the Sun but à Point, 
and therefore ſubtends the Angle!which the moſt and 
leaſt refrangible Rays P Fand R G do contain wen one 
another after their 2 from the Prim. 
20. But at the Diſtance of 18, 5 Feet, the-Length 
Inches is the Chord of an Arch r to ab 1 = 
PIR; therefore 1 PIR FDG = 1 0 3/0; v hende 
EDG (=: FDG)'= = 0? 30' 2" FDE. But the 
Angle EDK = DBK = ＋ 310 51 of, Wherefore 
EDK = EDG = 31%:45' 2 = GDK,' the Angle 
of Refraction of the leaſt refrangible Rays; and E DK 
EDF = 30? 44 58 “% = EDK, the Angle of Re- 
fraction of the moſt refrangible Rays. CC = 13hiond 
21. The natural Sine of 31 45 27 is: 5262, (as per 
Table, Annot. XLVI.) alſo the Sine of 305 44 58 is 


5112. The common Sine of Incidence being I D K 


or S DL 53* 35", and Sine 8047 ; this compared 
with 


* 
** 
# 
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Plate 
XXXVI, 
Fig. 11. 


Of Etcur: and Corlouns. 
or Violet Rays; and fo the Image will be 


coloured and confuſed in every Point be- 


tween 


with the Sines of Nefraction of the moſt, mean, ani 
leaſt refrangible Rays, will ftand as follows. 
"8 [The moſt refrangible Rays FD, 
. "as 8047 to 3112 
The Sine of Incidence } The mean refrangible Rays ED, 


is to the Sine of f as $047 0 b. © 
As 5. HIV The ale le Rays G0, 
as 80, | 


„ Ee Babes, to cata 
22. I have hitherto conſidered the Refraftion mak 
out of Air into Glaſs, after the common Way. But 
as Sir Iſaac Neturon has proceeded in a contrary Me. 
thod, and ſtated the Proportions of the Sines of R. 
fraction (as they are out of Glaſs into Air) to the com- 
mon Sine of Incidence in Glaſs, I ſhall for the future 
follow his Steps; and therefore ſuppoſing a Beam of 
common Light within the Priſm, as D E, ſhall con- 
ſider its Refraction into the Air at the Side B C in the 
Point E. The common Sine of the Angle of Incidence 
K ED or IEL = 31 157 was found to be $188; 
and the Angle PER ='1* O 3, the fame as before, 


a LY 
CAE „ of 
* 


Alſo the Angle of the mean refrangible Rays TEL 


being 53* 35, we have the Angle of the leaſt u. 
frangible Rays REL = $523? 4 58”, and the Angle of 
the moſt refrangible Rays PEL = 54* 52%; The 
Sines of theſe Angles are 7995 and 8099; the Sine of 
Incidence, therefore, and of Refraction into Air, in the 
leaſt and moſt refrangible Rays, are in the leaſt round 
Numbers as 53 to 77 and 78. 

23. Now if you fubduct the common Sine of Inci- 
dence 50 from the Sines of Refraction 77 and 78, the 
Remainders 27 and 28 ſhew, that in ſmall RefraQions, 
the Refractions of the leaſt refrangible Rays is to that 
of the moſt refrangible as 27 to 28 very nearly; and 
that the Difference of the Refractions of the leaſt and 
moſt refrangible Rays is about the 27 Part of the he- 
fraction of the mean refrangible Rays, | 

OE | 44. Non 


2 


rr. derer 


LAS. K. 


S = S F & 


KAN 


Of Licwr d Ci 
ween thoſe Extremes, except juſt in the 


Rays 
| R OS Pe ITS 
24. Now in order to. determine the Ref bility of 
the ſeveral intermediate Rays of Light, Sir 7/aac to 
the following Method. He, cauſed the Spedrum to be 
well defined, and delineated. upon Paper its Perimeter; 
u FAPGMT'; this he held in ſuch a Manner, that 
the Spectrum might fall upon and exactly agree with the 
tlineated Figure; this done, an Afliſtant drew the 
Lines ab, cd, ef, &c. acroſs. the Figure. very nicely 
upon the Confines of the ſeveral Colours, that is, of 
the Red M abF, of the Orange abc d, of the Yellow 
def, and ſo of the reſt; which Operation. bei 
divers times repeated, he found the Obſervations a — 
rery well, and that the Diviſions made by the 


* 


be 
NS m -roſs 

Lines were thoſe of a Muſical Chord. | | 

25. That is, if G M be produced to X, fo that it 
MM X, then the Line XM=4 XG will be 
the Oftave, The Line a X: XG 9 : 16; therefore 
X will be the Leſſer Seventh. The Line c X will be; 
of XG, and therefore the Sixth Greater. e X will be 
: of X G, which is the Fifth. g X is 2 of XG, 
Fourth, i X is 3 of X G, a Third Leſſer. IX is 3 of 
XG, the Second Greater. So nicely has Nature ob- 
ſerved an harmonical Diſtribution of Colours in the Solar 
Hbectrum. a N | 
= If then the Difference between the Sines of 77 
and 78 be in like manner divided, that is, as the Line 
MG is divided, we ſhall have the Sines of Refraction 
in the ſeyeral Red Rays extend from M to a, or from 
77 toy; thoſe of the Orange Colour from a to c, ox 
from 77% to 775; thoſe df the Yellow from 775 at c, 
6 7j at e; thoſe of the Green from 771 to 774 * 
thoſe of the Blue from 771 to 77; at i; thoſe of t 
Indigo from 77: to 777 ati; and from thence the Vi- 
dlet to 78 at 4 | br Fa 

27. This Diſcovery of the Harmonic Proportion of 
Colours in the Sun's Light has ſuggeſted the curious 
Hint or Idea of a Viſual Mui by means of an Ocular 

Vol, II. d Harpſichord, 
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Rays all interſect each other, and exbibt 


ther: And thoſe Objects will have ther 


Blue Colours; as a Card painted half with 
Carmine, and half with Ultramarine, made 


deeper with a little Indigo (CXIX). 


but we may have muſicul Eyes, as well as muſical Ears 


can tell what may be the Conſequence of this Diſcover 
in regard of our other Senſes in the Ages to come! 


rical Subject may conſult Yoltaire's Philoſophy ard 
Algaratti on Light and Colours, | 


Of Liehr and Col obs. 


the Image toterably diſtin and colour. WW 
Teſs. To this different Refrangibility af 

the Rays is owing the Imperfection of the 1 
common efracting Teleſcope, as will Ee F 
but too eaſy to experiment. . 


HENEE alſo Objects of any of the ſimpe E. 
Colours, though contiguous to each other, 
yet if viewed through a Priſm appear 
ſeparated, and at a Diſtance from one an 


Images formed by a Lens at very different 
Diſtances in its Axis, eſpecially in Expe- 
riments of the deepeſt Red, and Violet, a 


Harpſichord, which ſhall entertain the Eye with the Suc- 
ceſſion of harmonic Colours, as the common Harpſichord 
does the Ear with muſical Sounds, Yea, ſome har 
carried this Matter ſo far, as actually to attempt the 
making of ſuch a Harpſichord, with full Aſſurance of 
being able to play Tunes to the Eyes. It were greaty 
to be wiſhed this Chromatic Mui could be made 2 
effectual to give Pleaſure to our Eyes, as common Mu 
fic does to the Ears. We ſhould then have Harmony 
the Subject of two of our Senſes : And who can tell 


could they be exerciſed by proper Objects? Nay, wo 


They who would be farther amuſed with this chime- 


dir 
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Sir Jaac Newton found, by a very curious 
and convincing Experiment, that the Rays 
| of 


(CXIX) 1. Let PE K be a double Convex Lens, plate 
N its Centre, and N D the Radius of Convexity at D; yygyry, 
FV its Axis, and H E a Beam of the Sun's Light inci- Fig. 44 ; 
dent on the Lens parallel to its Axis in the Point * 
Let AB C be a Priſm touching the Lens in the Points 
E and D, and it is evident the Law and Manner of Re- 
faction of the Beam at E will be the ſame; whether 
we conſider it as made through the folid Glaſs Priſm 
ABC, or through the Lens DE K, becauſe the Point 
of Incidence E Is the ſame in or common to them both. 

2. The Beam being refrated at D, it is plain the 
Refraction will be there alſo made into the Air in the 
ſame Manner from the Lens as from the Priſm, ſuppoſ- 
ing them to touch in the Point D. Let ND be con- 
tinued to L, then will LD be perpendicular to the 
Lens in D; and the Refraction being made into the 
Air, (a rarer Medium) the refracted Rays will tend to- 
wards the Axis, and meet it ſooner or later as they are 
more or leſs refrangible. Thus the moſt refrangible 
Rays DW will cut the Axis in G, the leaſt refrangible 
Rays DT in Q, and the mean refrangible Rays in O; 
and the others in the intermediate Space between O and 
G, and O and Q. The ſame is to be underſtood of 
the Beam I K on the other Side the Axis. 

3. Hence we ſee, that in the Axis of the Lens the 
Images of an Object will be formed in ſeveral Parts 
from G to Q; by which means the Object will appear 
Red at G, Violet- colour d at Q, and of other Hues in 
the Parts between. Nor are we to underſtand that 
ſeven Images only are formed by the ſeven Sorts of 
Rays; but each particular Sort of Ray, according to 
the Intenſity of the Colour, from the ſtrongeſt to the 
fainteſt Part, conſiſts of an indefinite Number of diffe- 
rently refrangible Rays, each of which will form an 
Image of the Obje& in its proper Focus : And there- 
fore we may conceive as many Images formed in the 
dpace from G to Q, as there are Points in the Line G Q. 

T3 | 4. The 
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tion EZ. Whence ZP: Z wi 283 and ZP: 


RefraRtion of the mean refrang wie K 

Angles DX and DOX or DO Q are as thei 
- whence PM: Z M QG:QX; and therefore G 
2 Q. But QO is 5 8 2 to OG, when Q 


| becauſe X = 28 GG. or — QO. 


Sines of Incidence, and of the leaſt and oreateſt Refrac- 


of Lie cir Wi Col ouns. 
040 


of Light were As s variouſly reflexible as fe- 
frangible; and that theſe which were moft 


or 


4. The Otiea 659 by by fuch'k Befraftion of Ray, 
in Eh an, Infini , muſt neceſſarily 
very indiſtinct, ea beter, and —_— = 
Obje&-Glaſs of eyery common Dioptric T 
ing this Sort, is the Occaſion * 5 — not 
an Eye Glaſs of ſo deep a C ſhort a focal 
Diſtance as. is requiſite for great Bk of magnifying, 
This put Sir Iſaac upon inventing another Sort of Tele. 
ſcope by Reſſection, of which we ſhall ſpeak largely 
hereafter, | 
Suppoſe DE Nene to the Axis of the Lens, 
nl — to Z; 07 51. ED N the An 
of Incidence, and PD DL, MDL, the An 
of Refraction in the 21 mean, and moſt refrangible 
— s; and conſequen atly the Angles Z PP, ZD0, 
ZDM, will the Rays of Deviation a 
reſpeAive Refraction of thoſe Rays from the firſt Direc- 


20 u 27 271. Alo PM= —ZO, tha whos 


6. But the Angle ZDP = 25 and ZDO= 
DOK, and ZDM = DG X. Now the Sines of the 


oppoſite Sides OD and Q, that is, nearly as XO 
and X Q. For the ſame Reaſon the Sines of the Angles 
DOXand DGX are nearly as G X. and OX. Where 
fore ZP, ZO, ZM, Th GX, OX, and X. 


PM: DVI. * 5b, 


iS very great; and Q( 


Or thus more accurately, without regard to the 


7. 
focal Diſtance QX or OX. Let I, L, G, be as the 


tion, or as the Numbers 50, 77, 78 ; (See Cl 


07 Liar ene Coropns. 
or leaſt refrangible were alſo moſt or leaſt 
lexible; And farther, that Rays of Light 
| 13” JE13 31 Ju. ?\ 


S = 7 


CXVII. 22.) then will ZP IL. I ZM =G—1T, 
ind PM = G—L; _ whence, PM ZP :: G- L: 
L—I ; and doubling the Conſequents, we have PM: 
:ZP(=DY—PM) NHS L 2L—2L” Then 
conjointly, PM: DV L; 1 —21 75 
7778 + e $5; or PM =P. 
the Aperture of the Glaſs, > UI eee Oy ll ..; 

8. From hence it appears, that the Ratio between 


REY 5. 


_ C0» 
* 


ly PMand DY is conſtant, or always the ſame, what- 
ever be the focal Diſtance of the Lens. It is alſo ve 
N evident, that PM is the Diameter of a Circle, in hie 
le will be a Mixture of every Sort of Rays, from the leaſt 
o the moſt refrangible. This Circle therefore is that 
le in which the Light is white, or not tinctured with the 
), Colour of any particular Sort, of Rays ; for the _ 
or being here promiſcuouſly. thrown together, the Lig 
Co compounded of them cs be nearly the fame with that 
£ of the Beam before RefraQtion. 0 NY 


= 


9. By the ſame Rule we may find the Diameter of 
the leaſt Circle that receives the Rays of any ſingle Co- 
Jour, or of any contiguous Colours. Thus all the Yel- 
hw is contained in a Circle whoſe Diameter is à 409th 
part of the Breadth of the Aperture of the Glaſs, (which 
we ſuppoſe a Plano Convex, becauſe of D Ex parallel to 
the Axis) for in this Caſe Gg 77, L= 774, and 
I= 50. (See Arnot. CXVII. 26.) Whence by the 
Analogy we have PM: DY:: G — L: G+ L— 
21:: 0,133 : 54,533 :: 1: 409. Thus for two con- 
tiguous Colours, the Orange and Yellgw ; the Sines on 
each Side being 771, 771, give the Diameter of the 
Circle in which both theſe colour'd Rays are contain'd, 
2 200th Part of D V. 


» & \}} 11 


wa, 1H. 


e 10. From hence it is plain, that when the Sun's Rays 
e are received upon a large and 1 Lens, the 
conic Superficies of the converging Rays DPM V will 


conſiſt of the Red-colour'd Rays; and if received 


. 
þ on a white Paper, held perpendicular to the Axis, the 
 & Circumfexrence 
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folid Parts or Corpuſcles of Bodies, and 
| | rebounding 


Circumference of the circular Section or Area will be 
remarkably tinged with a reddiſh Colour inclining to 
Orange, bs the leaſt refrangible Rays DP and YM, 
On the contrary, the tverging Rays will, in the conic 
Surface RP MW, have all the Violet and Indigo Rays 
NPR and DMW, and will therefore exhibit ſuch x 
colour'd Circle about the Light received on the Paper 
held any where in that Cone of Rays. 
11. Since G is the Focus of Violet Rays, that is the 
Place where any Body of a Violet Colour will be ſeen 
diſtinctly, becauſe the Rays of that Kind, paſſing from 
that Point to the Lens, will after Refraction paſs paral- 
lel to the Eye; which is a Condition abſolutely neceſ- 
fary to diſtin Viſion, as will appear hereafter. For 
the ſame Reaſon Q will be the Focus or Place where 
Objects of a red Colour will be moſt diſtinctly ſem, 
Whence it appears, that in viewing Objects through 
Glaſſes (as Spectacles for Inſtance) the Diſtance of t 
Glaſs from the Object will be variable according to it 
different Colour. | 
1a. Hence a various-colour'd Object ABEF will 
have its Image formed in Parts by the Lens H I, Thus 
ſuppoſe AB CD be a Red Part, and DCEF a deep 
Blue; if this Object be well illumined, and black 
Threads or Silks laid acroſs thoſe Colours, they will 
appear diſtinctly in their reſpective Focus's, viz. the red 
Part AB CD will have its Image diſtinctly formed at 
K, and the blue Part at L; the former will be repre- 
ſented by ab cd, the latter by deer; and theſe Images 
will be at very different Diſtances from the Lens. Thus 
if the Lens HI be of 3 Feet focal Diſtance, and the 
Object be placed at the Diſtanct of 6 Feet from it, the 
Images on the other Side, at the Diſtance of 6 Feet, 
will be fo med one Inch and à half from each other; 
_ is, the Red at K will be 14 Inch beyond the Blue 
. | | | 


% 


13. Another 


Of Lionr and Coropns. 


tebounding from thence like a Tennis-Ball, 


but from ſome other Pr inciple depending 
On 


13. Another Confeguence of this different Refran- 
gibility of the Rays of Light is, that if two Objects 
cf liferent Colours, as Red and Blue, be view'd thro” 
2 Priſm, they will be refracted to different Heights; 
and though they were contiguous, before, or Parts of 
ne and the ſame Object, yet will they appear ſeparate, or 
z two diſfinet and diſtant Objects. Thus ſuppoſe DHEI 
be an Object whoſe Part D G is intenſely blue, and the 
other Part F E intenſely red; if this be viewed by a 
Prim BAC bac, with the refracting Angle or Edge 
A a upwards and parallel to the Horizon and the Sides 
DIand HE of the Object, the Image of this Object 
will appear at dee, with the þlue Part d g refracted higher 
than the red fe. On the contrary, if the refracting 
Angle of the Priſm be turned downwards, the Image 
will be refracted downwards to de, the blue Part lower 
to dg, and the red higher at fe. 

34. We allo ſee the Reaſon why Objects appear dif- 
ferently coloured when the Eye is held near the Priſm, 
a at D, to view them, vix. . the Rays of every 
Colour are there ſo very near together, that they can be 
all receiyed by the Pupil of the Eye, and will therefore 
paint the Image in all its proper 8 on the Retina, 
Whereas if the Eye be removed to a greater Diſtance 
from the Priſm, as to a, 6b, c; there, becauſe the Ra 
ſpread through ſo wide a Space, but few can enter the 
Pupil, perhaps only one particular Sort, and then the 
Object will appear of that particular Colour only; as 
Vidlet-colour'd at a, Green or Yellow at h, and Red at c. 

15. The Rays of the Sun's Light, once refracted, 
undergo no farther Refraction by a ſecond Priſm, and of 
courſe exhibit no other Colqurs : For let an Hole be made 
at g in the Board 4e, on which the coloured Spectrum 
is made in the dark Room, by Rays which come thro? 
a Hole G in a Board DE placed juſt befgre the Priſm 
ABC; by turning the Priſm ABC flowly about its 
Axis, the Image will be made to move up and down 

Y 4 on 
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yet nothingiis more certain, or eaſier proved 
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on the, Birg of A Paftiöcles of Light, an 


the Thickneſg,or;Denlity of the Particles 

of whe: Bod nefleQipgo at, 1: which are all 

parent in themſelves, as is eaſy toche ſhewn 
in the thin Lamellæ or Plates, of which 
Qyſterr Shell goth gonſiſt, C THAIHN 

I Will be, thaught Fery- ſtrange to. aſſert, 

it, a rare Medium: more impervious to 

18 Rays ofi Light chan a denſer one; and 


by Experiment; For Example, a Beam cf 
Light is much nore-copiouſly reflected from 
(1 3d vboll s H Uo 25 n IM 


on the Boatt'#+,"by which means each colour d Ray 
will paſs 8 the Hole g ſucceſlively ; and if 
theſe Rays be retracted a ſecond time through the Priſm 
abe placed juft behind the Hole g, they will go from 
thence to the appofite Wall at Mor N, and there ap- 
. 

ue will appear Blue, the Red will 

the Violet the fame Violet as befbre. 
16. But though the Rays are not any farther tefran. 
Fele by the ſecond Priſm a þ c, yet it appears that thoſe 
ays which are leaſt and moſt refrangible by the fir 
Priſm are likewiſe ſo by 
and de beipg fixed, can 
riſm to be alway 


a” me s an LY cooy 
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the Second Surface of a Piece of Glaſs when 
contiguous to the Air, than when it touches 
Water ; and ſtill more, if contiguous to Va- 
ter, than when it is contiguous to G/aſs; in 
which Caſe the Rays are totally tranſmit- 
| HENCE, wonderful as it may ſeem, tis 

neceſſary, in order that a Body may be tranſ- 
parent, that its Subſtance ſhould be very 
denſe, and its Pores very ſmall; and that 


Opacity reſults chiefly from the Lagtnelt of 


the Pores of a Body, occaſioned by its Par- 
ticles touching in but very few Points : Be- 
cauſe, if the Pores of ſuch a Body be fill'd 
with a Subſtance nearly of the ſame Denſity, 
it becomes in ſome Degree tranſparent, as 
Paper wetted with Water or. Oil: And.on 
the contrary, - Water blown. up into ;fmall 
Bubbles, has its -Penfity diminiſhed, and 


its Poroſity increas. un thus. becomes 
Norm io: | 8 02170 by 
(CXX) 1. The ſame g qi or th ea 
of the different Refrangibility of Hi Paßt s Rays 5 (3 97 
lirered in the laſt Annotation) found alſo by, 4 
periments, that they were in he: ſame Manne 475 mh 
reflexible 3 or that thoſe R Rays w hich Were le hd 
refrangible were alſo leaſt and moſt reſlex i ble. ae 
he proved in the following Manner. e 
2. From a Hole F in the Window- Shutter E. 
Beam of the Sun's Light FM paſsꝰd to Pit Baſe,- 
of a Priſm ABC, whe Angles B and C were nk 
and 
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Ar the Object-Glaſs of a large Teleſcope 
be laid with its conveæx Surface on a plain 


Glaſs 


and half right ones, and the Angle A a right one. The 


Light was firſt refracted at M into the diverging Beam 
MGH, of which MG was the leaſt refrangible P 
and MH that which. was moſt ſo. MN is the Light 
reflected from the Baſe through the other Side to a ſe. 
cond Priſm VX X, by which the reflected Beam is re. 
fracted to t and y; N7 being the Jeſs, and N p the more 
refracted Part. 

3. When the firſt Priſm ABC is turned about its 
Axis according to the Order of the Letters A B C, the 
Rays H M emerge more and more obliquely out of the 
Priſm, till at length they become reflected towards N. 
And it was evidently obſeryed, that as the Priſm AB C 
was ſlowly moved about its Axis, all the Rays from 
MH to MG became ſucceſſively reflected tawards N. 

4. The Conſequence of this was, that the Violet Co- 
jour p received an Addition to its Strength and Bright. 
neſs upon the firſt Reflection of the Rays M H, beyond 
any of the other Colours towards t; but as the Priſm 
ABC continued its Motion, and the other 1 — 
tween H and G became reflected, ſo the other Colours 
from p to t, became more intenſe and vivid, one after 


_— by the new Acceflian of Light to the Beam 
Now; 


s. In this Experiment no Notice has been taken of any 
Refraction made at the Sides of the firſt Priſm A B C, 
becauſe the Experiment was made in ſuch Circum- 


ſtances that the Beam F M enters it perpendicularly 


at the firſt Side A C, and goes out ſo at the ſecond 
AB; and therefore can ſuffer no Refraction, or ſo little 
chat the Angles of Incidence at the Baſe are not ſen- 
fibly alter'd by it. In order to this, the Angle EMC 
ſhould be about 45 Degrees ; and then a ſmall Motion 
of the Priſm, to make the Angle FM C = 40, will 
cauſe the Beam F M to begin its Refraction. Or if the 
Angles B and C were each of them 419, the Sun-Beam 
F M making an Angle FM C = 49” will begin to be 

| reflected 
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Glaſs, the Light falling on the thin Por- 


ion or Plate of Air contained between 


the 


reflected at the ſame Time that it contains a Right 
Angle with the Side A C (by Annot. XCVII. 37.) 

6, The Reaſon of the different Reflexibility of the 
Rays of Light is the ſame as was before aſſigned for their 


different Refrangibility, viz. the different Sizes or Mag- 


nitudes of the ſeveral Rays; for when the refracted Beam 
MG H approaches very near the Baſe of the Priſm B C, 
the attracting Power of the ſaid Baſe will ſooner affect 
the Particles of a leſſer Size than thoſe of a larger, 
even though they were at an equal Diſtance from it; 
and therefore the moſt refrangible Rays M H will be 
firſt within the reflexive Power of the Surface B C, on 
account of the great Tenuity of its Particles, as well 
as on account of its greater Proximity than the other 
Rays MG; on both which Accounts therefore the Ray 
HM will be firſt and moſt eaſily refracted. | 
7, Now though in Refraction the Sine of the Angle 
of Incidence is different from the Sine of the Angle of 
Refraction, on account of a fmaller Particle being at- 
tracted more out of its Way towards the Perpendicular 
than a larger one, whereby a Separation of the Rays is 
produced; yet becauſe in Reflections every Particle 
whether great or ſmall muſt neceſſarily be reflected un- 
der an Angle equal to that of Incidence, it follows, that 
all the Rays after Reflection will have the ſame Incli- 
nation to each other as before, and ſo no Separation 
can be made among them, and conſequently no diffe- 
rent colour'd Light will be produced by a total Reflec- 
tion of the Sun's Rays. Y 

8. What has been ſaid of the Manner in which Light 
is reflected is in the groſs only, and true but in Part; 
for though in Reflections the Angle of Incidence be 
ever equal to the Angle of Reflection, 'yet the Reflec- 
tion of the Particles of Light is not made by their im- 
pinging on the ſolid or impervious Parts of Bodies, 
a5 15 commonly believed. This our great Author proves 
by the following Reaſons, | e 

9. Fir), 
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m the Centre, alternately tranſmitted 
1. 75 and 


9. Firſt, Th t in the Paſſage of Light out of Glag 

10 U den 2 Reflection as ſtrong as in its } 

out; of Air into Glats, or rather a little ſtronger, and 
| Koa in its Paſſage out of 


by many Degrees ſtronge 7 
into Water. And it ſeems not probable that Alt 
ſhould have more ſtron ly reflecting Parts than Water 


nothing; for the Refleftion is as ſtrong or ſtronger when 
the Air is drawn away from the Glaſs by an Air-Pumy, 
as when it is adjacent to jt., __ Mn 
10. Secondly, If Light in its Paſſage out of Glafi 
into Air be incident more obliquely than at an A 
of 40 or 41 Degrees, it is wholly reflected; if leſs 
liquely, it is in a great Meaſure tranſmitted. No it 
is not to be imagined that Light at one Degree of Ob- 


liquity ſhould, meet with Pores enough in the Air to | 


tranſmit the greater Part of it, and at another D 

of Obliquity ſhould, meet with nothing but Parts to . 
flect it wholly ; eſpecially conſidering, that im its Paf- 
fage out of Air into Glaſs,, how oblique ſoever be its 
Incidence, it finds Pores enough in the Glaſs to tran(- 
mit a great Part of it. , 
11. If any Man ſuppoſe that it is not reflefted by 
the Air, but by the outmoſt ſuperficial Parts of the 
Glaſs, there is {till the fame Difficulty ; beſides that 
ſuch a Suppoſition is unintelligible, and will alſo appear 
to be falſe by applying Water behind ſome Part df the 
Glaſs inſt ME: or ſo in a convenient Obliquity 
of the Rays, as of 45 or 46 Degrees (at which they we 
All reflected where the Air is adjacent to the Glaſs) they 
Mall be in great meaſure tranſmitted where the Water 
is adjacent to it; which argues that their Reflection or 
Tranſmiſſion depends on the Conſtitution of the Air 
and; 00 behind the Glaſs, and not on the ftriking 


of the Rays on the Parts of the Glaſs. 
12. Thirdh, If the Colours made by a Priſm placed 


it the Entrance of a Beam of Light into a darken d 


Room 
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and reflected. In the Centre of the Tens, 
where it touches the Glaſs; it will be tranſu 
mitted, 


Room be ſucceſſively caſt upon 4 ſebond Priſm placed at 
a greater Diſtance from the former, in ſuch a mantier 
that they are all alike incident upòn it (as they will' be 
when trajected through the Holes G and 'g in the two 
Boards mention'd in Art, 15. ol the laſt Note) the ſe- 
cond Priſm may be ſo inclimd to the incident Rays, 
that thoſe which are of a Blue Colour ſhall be all rea 
feed by it, and yet of a Ren Colour pretty c- 
piouſly tranſmitted. Now if the Reflection be cauſed by 
the Parts of Air or Glaſs I would alk why, at the fame 
e Blur ſhould wholly 


kt * 


4 


14. F. HI ror pets 
will be ſhewn Aunot. CXXE 24.) by che continual fub- 
ſiding and exhaling of the Warer,” grows very thin 


there is ſuch 2 little and almoſt in fehhibie Quantity ot 


Light reflected back from it, that it appears intetifel 
black; whereas round about che black Spôt, where th 
Water is thicker, the Reflection is ſo ſtrong As tom 


the Water ſeem very white. Nor is it only at the left _ 
Thickneſs of thin Plates or Bubbles that there is no tf. 
nifeſt Reflection, but at pany other Thiekneſſes con- 


tinually greater and greater. And yet in the Sypetficies 
of the thinned Body. Air 8 ofa one "Thickneſs, 
and the Rays are tranſmitted, there ate 'as many Part 
for them to Impinge on, as where it is of atry other 
Thickneſs where the Ray CNT TSTUTTY 
15. Sixthly, If Reflection were cauſed by che Parts 
of Reflecting Bodies, it would be impoſſible for thin 


Plates or Bubbles at one and the ſame Place to reflect the = 


Rays of one Colour, and tranſmit thoſe of another, as 
3 is 
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the 


is known, by Experiment they do : For it is not to he 
imagined, that at one Place the Rays, which; for In. 
ſtance, exhibit a Blue Colour, ſhould have the Fortune 
to daſh upon the Parts, and thoſe which exhibit a Ni 


to hit upon the Pares of the Body; and then at another 


Place, where the Body is a little thicker or a little thin- 
ner, that K the contrary) the Blue ſhould hit upon its 
Pores, and the Red upon its Parts: . 1 
16. Seventhiy, and laſtly, Were the Rays of Light 
reflected by impinging on the ſolid Parts of Bodies, their 
Reflections from bolithed Bodies could not be fo regular 
as they are: For in poliſhing Glaſs with Sand, Puth, 
or Tripoli, it is not to be imagined that thoſe Sub- 
ſtances can, by grating and fretting the Glaſs, brin 
all its leaſt Particles to an accurate Poliſh, ſo that il 
their Surfaces ſhall be truly plain or truly ſpherical, and 
look all the ſame Way, ſo as together to compoſe one 
even Surface. The ſmaller the Particles of thoſe Sub- 
ſtances are, the ſmaller will be the Scratches, by whith 
they continually fret and wear away the Glaſs until i: 
be poliſh'd ; hut be they never ſo ſmall, they can wer 
away the Glaſs no otherwiſe than by grating and ſeratch- 
ing it, and breaking the Protuberances, and therefore 
poliſh it no otherwiſe than by bringing its 565. to 
a very fine Grain, ſo that the Scratches and Frettings 
of the Surface become too ſmall to be viſible ; And 
therefore if Light were reflected by impinging on the 


ſolid Parts of Glaſs, it would be ſcattered as much by 


the moſt poliſhed Glaſs as by the rougheſt. So then it 
remains a Problem, How Glaſs poliſhed by fretting Sub- 
ances can reflect Light ſo regularly as it does? 

17. And this Problem is ſcarce otherwiſe to be ſolved 
than by ſay:ng, That the Reflection of the Ray is effetted 
not by a fingle Point of the reflefting Body, but by ſunt 
Power of the Body which is evenly diffuſed over all its Sur- 
face, and by which it acts upon the Ray, without imme- 
diate Contact. For that the Parts of Bodies do act 7 
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the Light will be reflected in various- 
colour'd Rings: In the next Diſtance it 
will 


Light at a Diſtance, has been already obſerved, and 
may be ſeen more at large in the Third Part of our Au- 
thor's admirable Treatiſe of Optics, © © 
18. Now (continues Sir 1/aat} if Light be reflected, 
not Fy impinging on the ſolid Parts of Bodies, but by 
ſome other Principle, it is probable that as many of its 
Rays as impinge on the ſolid Parts of Bodies are not 
refleted, but ſtifled and loſt in the Bodies; for other- 
wiſe we muſt allow two Sorts of Reflections. Should 
all the Rays be reflected which impinge on the internal 
Parts of clear Water or n thoſe Subſtances would 
rather have a cloudy” Colour than a clear Franſpa- 
rency, gf | 
«4 Concerning this Power by which Light is re- 
fefted and refracted, Sir Iſaac underſtands it to be of 
an attractive and repulſive Nature; for he reaſons thus: 
Since Metals diffolved in Acids attract but a ſmall Quan- 


tity of the Acid, their attractive Force can reach to but 


a ſmall Diſtance from them. And as in Algebra, where 
Affirmative Quantities vaniſh and ceaſe, there Negative 
ones begin; ſo in Mechanics, where Attraction ceaſes, 
there a repulſive Virtue ought to take place. 

20. And that there is ſuch a Virtue ſeems to follow, 
(1.) From the Reflections and Inflections of Light, as 
before obſerved. (2:) From the Emiffion of Light; 
the Ray, ſo ſoon as it is ſhaken off from the ſhining 
Body by the vibrating Motion of the Parts of the Body, 
and gets beyond the Reach of Attraction, being driven 
away with exceeding great Velocity, For that Fotce 
which is ſufficient to turn it hack in Reflection may be 
ſufficient to emit it. (3.) It ſeems alſo to follow from 
the Production of Air and V apours ; the Particles when 
they are ſhaken off from Bodies by Heat or Fermenta- 
tion, ſo ſoon as they are beyond the Reach of the At- 
traction of the Body, receding from it, and from one 
another, with great Strength, and keeping at a diſtance, 
lv as ſometimes to take up a Million of times more 
Space 
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will be tranſmitted, and in the next to that 
reflected; and fo on alternately to a confi. Ml © 
derable Diſtance from the central Spot. If 

we take the Diſtances as the Numbers o, 1, 
2, 3» 4» 5» 6, 75 8, 9, IO, Sc. then at the fr 
Diſtance o, 2, 4, 6, 8, ro, &c. the Light will ; 
be tranſmitted ; and at the Diſtances 1, 3, ;, Wl Þ 
7, 9, &c. it will be reflected in coloured Ml © 


a , ; s th 
Rings: And this alternate Diſpoſition of WM 1 
Light to be reflected and tranſmitted, Sir WM © 
Taac Newton calls the F its of eaſy Reflettim, Ml 
and Fits of eaſy Tranſiniſion (CXX1). ar 

| oY Bo 

+ thi 

Space than they did before in the Form of a denſe i ©* 
ody. 

— To this repulſive Power he aſcribes the Nyſle- - 
tion of Rays, and to the attractive Power the Refrac- 7 
tion; as has been before deſcribed. But how the ight * 
is partly reflected and partly refracted at the Surfaces the 
of Bodies, and what Phænomena do thence ariſe, we he 
ſhall] ſhew from the ſame illuſtrious Author in the fol- 1 
lowing Annotation. 80 

(CXXI) 1. Concerning the particular Manner in P, 
which Light is reflected from natural Bodies, whether it 6 
be by a repulſive Power before it arrives at the Surface, 10 5 
or by an undulating Virtue every where diffuſed over Ss 
the Surface, and cauſing a Reflection by the riſing Ware, the 
and a Tranſmiſſion by the ſubſiding Wave; or laſtly, Ey 
whether the Reflection be occaſioned by the Vibrations N * 
of the Parts of Bodies, or the Mediums next the reflec- P 
ing or refracting Surfaces, it will not be worth while * — 
here to ſpend Time in examining, ſince Sir Iſaac Mu- ＋ 
ten has conſeſſed himſelf unable to determine the Modus ma] 
egendi, which Nature makes uſe of in this Affair. elle 


ö 2. Nor is his Doctrine of the Fits of eaſy Refflin who 
and eaſy Tranſmiſſion to be eſtecmed a mere ypotheſis, v 


of 


Of Laguiy, and 9 ode 


As Light, falling this thin Plate 
of Air between the Sage is W 1 5 
| fr cont 350% ts} 2. 80 

or fo 8 94 clogg u ee to be Aan 


from that Simplicity, U 25 and Nen with 
which Nature is every, Abe erved to now 


thing can -be more — — = e 


Diſtance reflected, at ano 1 Yu t this is, 
by a continual MEND * 5 pers — al val 
through the Subſtance of vari Mu bt Bodies; and 


the Experiments Which he mate were many, and moſt. 
convincing Proofs of the Thin 


3. And his Vibrations in pe of Bodies and 
the elaſtic Medium which every: where ſurrounds ee 
ailing from thence, is very conſonant to the Progeſs c 
Nature, in propagating Sounds by che Undulations of 
the Air, ariſing from the Vibration of the Parts of Bo- 
dies agitated by Percuſſion. Nature in each Caſe ſeems 
rery conſiſtent with herſelf, and to. act with: a wonderful 
Uniformity, and equal Simplicity. Nor can I fee any 
Reaſon to hope for (much leſs to promiſe) a Solution 
of this Phænomenon from the ambigeneous Principle 
of Attraction, whoſe Action is well known to be always 
the ſame to a certain Diſtance or Limit one Way, and 
beyond that as conſtantly the reverſe; ſuch: a circum- 
ſtance little favours the Prediction of an eaſy and ſimple 
3 See Rowning' s 2 Men, _ —_ 


4. Tan therefore proceed to give an Idea of} — ol 
* * beautiful, delicate and important Diſcoveries 
that was ever made ; and that as nearly as may be after 
the Manner, and in the Wotds'of the Author, by the 
Experiments which he neee Obſervations and 
Kaſonings thereupon; - -- 2 
5. The firſt Experiment he mentions is the Com- 
pteſſion of two Priſms hard together, whoſe Sides were 
a little convex, by which Means they touched, by a 
ſmall Part of their Surfaees; and contain'd every where 
elle a thin Plate of Air, as it may be properly call'd, 
whoſe Thickneſs did ner where: ID! increaſe 
Vor. II, 2 | from 


— — — 2 


—_ —— — 
CO een CE III — 


— ——-—— — — — — — 


— — —ũ——̃ — — — ———— —— — —U 
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Fig. 1. 


the incident Rays, that ſome of them began to be trank 


Rays became leſs and leſs inclined to the Plate of A 
= 2 


/ Licur and Col obs. 


poſed to be cru or tranſmitted; coi 
ing to the ſeveral Degrees of Thick 


from the touching Parts. He obſerved the Place whe 
touched became abfolutely tranſparent, as if. 
there been one continued of Glaſs. 

6. For when the Light fell fo obliquely on the N 
of Air between the Priſms as to be al rei it ſeem 
in that Place of Contact to be wholly tranfmined, ing 
much, that when looked upon, it appeared like a blae 
or dark Spot, by reaſon that little or no ſenſible Ligh 
was reflected from thence, as from other Places, 

7. When he looked through the Priſms, this Plage e 
Contact ſeemed (as it were) a Hole in the Plate of Air 
and through this Hole Objects that were beyond mig 
be ſeen diſtinctly, which could not be ſeen through 
1 erjace 

harder Compreſſion, the Spot was dilated by the yi 
ine inwards of the Parts of the Glaſfes. 7m 

8. When the Plate of Air, by turning the Pri 
about their common Axis, became fo little inclined td 


mitted, there arofe in it many flender colour'd Arches 
which at firſt were ſhaped almoſt like the Conchoid, 
in Fig. 1. and by continuing the Motion of the Pf 
theſe Arches increaſed and bended more and more aboy 
the ſaid tranfparent Spot, till they were compleated in 
Circles or Rings encompaſſing it; and afterwards colt 
tinually grew more and more contracted. 4 

9. Theſe Arches and Rings became tinged wich 
rious Colours, as the Motion of the Priſms was cont 
nued, being at firſt of a Viglet and Blue; afterwards 8 
a White, „ Violet; k, Red, Orange, Yellow 
A bite, Blue, Violet, &c. After this, the colour'd Ring 
contraſted, and became only black and white: Th 
Priſms being farther moved about, the Colours all be 

to emerge out of the Whiteneſs, and in a cont 

Order to what they had before, 

10. But to obſerve more nicely the Order of ut 
Colours which aroſe out of the white Circles, 28th 
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Of Lier and Colours. 
ſo when it falls on the Surface of natural 


Pores 


vir Iſaac Newton made uſe of two Object-Glaſſes, one 
a Plano-Convex, and the other a ble-Convex, 
of the ſame Sphericity on both Sides, of 5x Foot focal 
Diſtance z and upon this he laid the plane Side of the 
other, preſſing them flowly together to make the Co- 


and then flowly lifted the upper Glaſs from the lower 
to make them ſucceſſively vaniſh again in the ſame 
Place, | 

11. Upon Compreſſion of the Glaſſes, various Co- 
lours would emerge and ſpread into concentric Circles 
or Rings of different Breadths and Tints encompaſſing 


moſt compreſſed, is delineated in the 2d Figure, where 
a is the central black Spot, and the Circuits of Colours 
from thence outwards as follows, : 


b, Blue, þ 2 l, = 
c White. 85 ue. N, ue. 
1, 1 Yellow 2. h, Green. 3» A, Green. 
, Red : i, Yellow. o, Yellow. 
[Song 4, Red. þ Red, 
{+ Green, 15 Greeniſh Blue. 
71, Red. 5 It, Red. 
6 0 u, Greeniſh Blue. 0 y, Greeniſh Blue. 
Tx, Pale Red. IL, Reddiſh White. 


12. To determine the Thickneſs of the Plate of Air, 
where each of the Colours was produced, he meaſured 
the Diameter of the firſt ſix Rings at the moſt lucid 
Part of their Orbits, and ſquaring them found thoſe 
Squares to be in the Arithmetical Progreſſion of the odd 
Numbers, 1, 3, 5, 7, 9, 11; and fince one of thoſe 
Glaſſes was plane, and the other ſpherical, their Inter- 
vals at thoſe Rings, muſt be in the ſame Progreſſion. 
Alſo he meaſured the Diameters of the dark or faint 
Rings between the more lucid Colours, and found their 
2 2 Squares 


Bodies, it is as variouſly reflected from the 
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ours ſucceffively emerge in the Middle of the Circles, 


the central Spot. Their Form, when the Glaſſes were 


Plate 
XXXVII. 


F ig. 2. 
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Plate 
XXXVIII. 


Fig. 3. 


Pores of Air of different Thickneſſes in 


Of Liehr and Colours. 


thoſe. Bodies; and according to the. diffe- 


b | rent 


Squares to be in the Arithmetical Progreſſion of the 
even Numbers 2, 4, 6, 8, 10, 12. 5 

13. All this follows from the Nature of the Circle; 
for let the Circle E F G be the Section of the Sphere 
whoſe Convexity is equal to that of the Double-Con- 
vex above-mentioned, and the Line A B a Section of the 
plane Surface of the Plano-Convex touching the other 
in the Point D; then ſuppoſing De, D/, the Semi- 
diameters of two Rings, the Thickneſs of the Air be- 
tween the Glaſſes at thoſe Rings will be ec and , 
which are equal to Da and Db, reſpectively. If there- 
fore, as uſual, we put DG =a, Da x, Db=X, 
ac=(De=)y, and bd4=(Df=) Y ; then by the 
Property of the Circle we have yy =ax -, and 
YY =aX—XX; and therefore y* : V : * - 
:2aX—XX 2x ; = "x X. But when à or Dę is 
very great with reſpect to x and X, or D.a, D, then 
— * = 1 nearly ; conſequently, in the preſent, Caſe 
Y*:Y* : x: X; or the Squares of the Semidiameters 
of the Rings De, D/, are as the Intervals ec, fd, or 
Thickneſſes of the Plates of Air in thoſe Places; and 
therefore the Squares of the whole Diameters are in the 


ſame Ratio. 


14. Sir 1/aac meaſured the Diameter or the 5th dark 
Circle (ſuppoſe 2 Df) and found it equal to; of an 
Inch; but then viewing it through a Glaſs 3 of an Inch 
thick, and nearly in the Perpendicular, it muſt-by Re- 
fraction appear diminiſhed nearly in the Proportion of 


79 to 80; ſo that, As 78: 80 :: : ==4D here 
a ; 8 
Diameter between the Glaſſes. Whence D 7 = — 


79 
and in this Experiment D G = 182 Inches, * 19 


re 


Of Lieur and Colouns. 


tent Texture of Bodies, and Magnitude of 
the Particles of Light, it will be either 
7 tranſmitted 


DG ( Dy) bf: Db=f4; or, in Numbers, - 
As 182 :— 1 — = CEE 
3 4 ; (9 567931 1774784 50 * 
ſince the Thickneſs of the Air at the 5th Ring is t6 
that at the firſt as 10 to 2, or 5 to 1, (by Art. 12.) 
therefore 4 of ER = Part of an Inch, for 
. 1774784. 8879 W 

the Thickneſs of the Air at the firſt dark Ring. 
15. By another Object-Glaſs (of a Sphere whoſe Dia- 
meter D G = 184 Inches) he found the Dimenſion or 
Thickneſs of Air at the ſame dark Circle to be == — 
Part of an Inch: But the Eye in both theſe Obſerva- 
tions was not quite 3 over the Glaſs, and 
the Rays were inclined to the Glaſs in an Angle of 4 
Degrees ; therefore (as per next Article) had the Rays 
been perpendicular to the Glaſſes, the Thickneſs of the 
Air at theſe Rings would have been leſs, and that in 
Proportion of the Radius x0000 to the'Secant of 4 De- 
grees 10024, The Thickneſſes found diminiſhed in this 


: 5 1 1 
Ratio will be 88952 and 89063 


Part of an Inch. Now half of this, viz. 


„or in the neareſt round 


I 
9000 


Numb 
umbers - 


— „is the Thickneſs of the firſt colour'd Ring; 
178000 
5 


3 PSS 
178000* 178000* 178000 
bs 2 — 9 
Sc. And 775880 77658 770585 Sc. are the 
Thickneſſes at the ſeveral dark Rings. 

16. The Rings were obſerved to be leaſt when the 
Eye was held perpendicularly over the Glaſſes in the 
Axis of the Rings; and when they were viewed obliquey 
y, they became bigger continually, ſwelling as the Eys 
i 2 Z 3 Was 


and of the reſt as follows, 
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| quities of the 


of 'L1egTouwd: Cord *. = 
tr od \whollyror. in Part $a nk 
which is reflected wall, be all of. on _—_ 
| 95 


was removed e e And by meaſur, 


the ſame Circle at ſeyeral Ohli. 
je, and by ſome other Methods, 


— and conſequent] y the Thi 3 


ing the Diameters 


c found its 


neſs of the Air at its Periphery. in 

to he very nearly in 

. 
ncidence whic 

per he Angle in the Glaſs, . the 
the Angle of 

the Column ſhews the. Di: 


flowing 


the third 


ing at.thaſe Obliquities expreſſed in — of 
= — the Diameter — - 2 0 


the Pro 


alf thoſe Obliquitics, 


rtions expreſſed in the 


rſt Column expreſſeg the 
1 


of Li 


Refraction into the Plate of Ay; 
iameter of any 


Column ex- 


ee 


dicular ; and the fourth Column ſhews the. Thi 
the Air at the Periphery of that Rings 
arts, of which the ci conſiſts of ten 1 . whe 


thr Raps ou perpendicular. 
17 2 — of 7 2 Angle of 22. Diameter T hickne/s 0 | 
* ee re fraction inte 7 the | of t ”" 
6 {Plat 2 Aula of Air, King. Air. 72 
's Deg. "Miz. | Deg. Min. 1149 oR7 EOS 
it e oo o o 10 10 
N ob 26 10 oOo 101 oy; 55 
| 12 45 20 O10 170 
118 49 30 104 er a 
Gee ee een 13ͤ Pom 
| 29, 32 WP. 2: rt 12s 154 43 
$14) 33 58 9 90, | 14 | 1 79. 1 Nel 
35. 47, | 65 122 4, 
7 &, =. Mw, a 11 x „ 71 
| r 194 . 
{ 39 27 "4 $6 oo 1} 227 ; "24 18 2 
a 40 oo: | 8; o 29 | 4. wo} 
"1, 49:12} go os” £135 . 
_ B lookin throug 2 oy two Suse 'Obj 
Glaſſe Ts a Prices; it 05 erved that t] he 15 


Colours appeared A dl by tranſmitted 4 by 7 


— 


by the Blue and Violet; and it was very pleaſant op ſee 


Of LicaT wad: Colours, 


Light. Te cent Spot nom became | ar 

- The Order of the Colours was Yellow; Ra 
Rat, Violet, Blue, White; ihne; 5 Niot, Blus, 
Green, Yellow, Red, &c. as they afte* ten in the" 4h 
Figure below, CD beg the the Colours by Reste 
tion; AB and C D being Purfaces of the Glaſſes 
contizuous at E, with Lines between ſhewyi me, the Tn: 
tervals or 9 — of Air in Arithmetical 
fon. che Colours, ybu obſerve that 
White is 3s oppoſe to Syn Forde ie, Yellow” to 
Violet, Green to Red, Jo! 111 ected ind refraQted 
Light: But the Colours refracted Light. 
faint and dilated, except when' viewed very obliquely, 
for then they' became pretty vivid. 0 


19. ny the Glaſſes round their Edges, ' the 


Water crept in ſlowly between them, and the Circles 
thereby became leſs, — the Colours more faint; Their 
Diameters being meaſured were found in Proportion to 
thoſe of the Rings made in Air as e and therefore 
the Thickneſs of Air at like Circles ab 48 7 l to 
8X8 S 64, ws to 4 very nearly, w ich is the Ra- 
tio of the Sines of Incidence and Refraction out of Wa- 
ter into Air. _ this perhaps (ſays, Sir {ſaac) may be 
a general Rule for any other Medium ingerceding the 
Glaſſes more or leſs denſe than Water. 

20. The coloured Rings made in Air became; uch 
more diſtinct, and viſible to a'far greater Number, when 
viewed in a dark Room by the Reflection of the calour'd 
Light of the Priſm; The Rings made by Reflection 
of Red Light were manifeſtly bigger than thoſe! made 


them gradually ſwell and contract ;accordi as the 
Colour of the Light wa changęd. [The Mation was 
quickeſt in the Red, an — the :Hiolets, and by 
an Eſtimation made of 5 Dijameters. of or the. 70 = 


: Thicknefles of Air in hs Phakes vi 
made oy, the Lines fy 1 Odo 2 0 Leh; 


424 "Ie I 


* * 
* 
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it will follow, (1.) If the Light be wholly 
tranſmitted, the Body will. appear Glack, 
which 


Yellow, Green, Blue, Indigo, Violet, ſucceſſively in Or. 


der, were to one another as the Cube Roots: of the 


Squares of the 8 Lengths of a Chord which ſound the 


Notes of an Octave, that is, of the Numbers 3, 5, 4, 


Plate 
XXXVIII. 


Fig. 5. 


3» 3, 39 17 2+ 571 

21. Theſe Rings were not of various Colours, as 
thoſe made in the open Air, but appeared all over of that 
Priſmatic Colour only with which it was illumin'd; and 
by throwing the colour'd Light directly on the Glaſſes, 
that which fell on the dark Spaces between the Rings 
was tranſmitted through the Glaſſes without any Varia- 
tion of Colour. This appeared by placing a white Pa- 
per behind, on which the Rings were painted of the 
ſame Colour as thoſe by reflected Light, and of the Big- 


neſs of their immediate Spaces, 


22. Hence the Origin of theſe Rings is manifeſt $ 


namely, that the Air between the Glaſſes, according tu 
its various Thickneſs, is diſpoſed in ſome Places to re- 
fect, in others to tranſmit the Light of any one Co- 
lour ; and in the ſame Place to reflect that of one Co- 
lour, where it tranſmits that of another ; in the Man- 
ner as you, ſee repreſented in the 5th Figure : Where 
AB, CD, are the Glaſſes, as before; and a, c, e, g. 
i, I, u, p, the Parts of the Beam tranſmitted; and b, 
d, f, b, k, m, o, the Parts of the Beam reflected, mak- 
ing the colour'd Rings. — | 

23. The Squares of the Diameters of theſe Rings 
made by any Priſmatic Colour, and conſequently the 
Thickneſſes of the Air at each, were in Arithmetical 
Progreſſion, as in the Rings of common Light; and 
the Dimenſion of the Rings made by yellow Light the 


ſame as fpecihed in Article 14. Theſe Obſervations 
were made with a rarer thin Medium terminated by a 
denſer, viz. Air and Water between Glaſſes. In thoſe 
which follow are ſet down the Phenomena of a denſer 
Medium thinn'd within a rarer, as Plates of _— 

als, 


Of Licur and CoLouks. 


which is the Abſence of all colour'd Light. 
(2,) If the Light reflected from the Bodies be 
all 


Glaſs, Bubbles of Water, &c. bounded: on all Sides 
with Air. . 

24. In the Experiment made with a Bubble of Soap- 
Water covered by clear Glaſs, and expoſed to the white 
Light of the Sky, it was obſerved, that as the Bubble 


grew thinner by the continual ſubſiding of the Water, 


it exhibited Rings of Colours ſlowly diluting, till they 
overſpread the whole Bubble, and vaniſhed at the Bot- 
tom ſucceſſively. The Bubble was black at Top, and 
this central Spot was ſurrounded with Rings of the ſame 
Colours, and in the ſame Order as thoſe of Air in Art. 


” * 


11, but much more extended and lively, | | 

25. As the Thickneſs of the aqueous Shell diminiſh- 
ed, the Colours of the ſeveral Rings by Dilatation were 
ſucceeded by others in Order from the Red to the Purple. 
Thus the Red of the ſecond Ring from the Top (or 
ſixth from the Bottom) was at firſt a fair and lively 
Scarlet, then became of a brighter Colour, being ve 
pure and briſk, and the beſt of all the Reds, Then 
after followed a lively Orange, which was ſucceeded by 
the beſt of Yellows, which ſoon changed into a greeniſh 
Yellow, and then into a greeniſh Blue. Afterwards a 
very good Blue, of an azure Tint, appeared; which 
was ſucceeded by an intenſe and deep Violet. And fo 
it happened in all the other Orders of Colours, only 
not in ſo regular and perfect a Manner, the Colours in 
them being more compounded and leſs diſtin. 

26, Theſe Rings of Colours, viewed in various Po- 
tions of the Eye, were found to dilate according as 
the Obliquity of the Eye increaſed, but not fo much as 
thoſe of Air in Art. 16. For by the Table, Art. 17, 
it appears they expanded to a Part where the Thick- 
nels of the Air was to that where they appeared when 
viewed perpendicularly, as 122% to 10, or more than 
12 to 1; whereas Sir Iſaac found, by meaſuring the 
Thickneſs of the Bubble at the ſeveral Rings, as they 
appear at the ſeyeral Degrees of Obliquity mentioned 

Lf in 
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all of one Sort, that Body will appear all of 
one Colour, which will be moſt ſimple and 
| intenſely 


in the Table below, that the greateſt was to the leaſt 
only as 151 to 10; which Increaſe is but about a 24th 
Part of the former in Air. 

27. The Angles of Incidence on the Water, and 
the Refraction into the Water, are ſhewn in the two 
firſt Columns, and in the third the Thickneſſes of the 


aqueous Shell correſponding thereto, 
Incidence on | Refractias in-\Thickne/s 0 
the Water. - 1 Vuter.] the 247 
Deg. Min. | Deg. Min 
o oo 00 Oo. 10 
| 15 o 11 11 101 
30 oo 22 Ol 107 
45 00 32 ©O2 11% 
oO OO 40 30 13 
75 00 | 46 25 147 
eee 


„* 


28. The Sines of theſe Angles out of Water into 
Air are aſſumed as 3 to 4; and Sir Iſaac has collected 
with a prodigious — that the Thickneſs of the 
late of Air or Shell of Water, requiſite to exhibit one and 
the ſame Colour at ſeveral Obliquities of the Eye, is pre- 
portional to the Secant of an Angle whoſe Sine is the fu 
of 106 mean Proportionals between the Sines of Incidence 
and Refrattion. 
1 As in N ſo here = — by — * 
COINS a con olour to that which it 
exhidi - by Reflection Thus that Part which looked 
Red by Light looked Blue by refracted, and 
the Part which was Blue by reflected Light was Re 
by Rays tranſmitted. Theſe Rings appear much more 
numerous, and more dilated, when viewed through 2 
Priſm than to the naked Eye; and by means of the 
Priſm ſeveral Rings may be diſcovered —_— 
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| than 


in in Pieces of Muſcovy Glaſs ; which when they were 


wetted on the Side oppalite to the Eye exhibited ſtill 
the ſame Colours, but more languid and faint. Whence, 
and by Art. 19. it eyidently appears, that the "Thick- 
neſs of a rap Los ger to produce any Colour depends 
only on the Denſity. of the Plate, and not on that of 
the ambient Medium, And upon. the Whole, if the 
Plate be denſer than the ambient Medium, it exhibits 
more briſk and lively Colours than that which is ſo 
much rarer, | | | 

31. The Colours which ariſe on poliſh'd Steel bei 
heated are of the ſame Kind with thoſe in the Rings of 
the Bubble, emerging one after another fram Red to 
Blue or Purple facceſfively ; and like the others will 
change in being view d at different Obliquities of the 
Eye, but not in ſo great a Degree. 

32. That we may be able to ſhew how the Colours 
in the ſeveral Rings are produceg, we ſhall a little il- 
luſtrate Sir Iſaac's forention for that Puxpoſe. In order 
to this, Let there be taken, in any <> In Line Y H, 
the Lengths YA, YB, YC, YD, YE, YF, YG, 
YH, in Proportion to cach other as the Cube Roots 
of the Squares of the Numbers 25 15 Fo 3» 1 3. 8. 1 ; 
that is, in the Proportion of the Numbers 6300, 6814, 
145 7631, 8255, 8855, 9243, 10000, dee 

20. 

35 In the Points A, B, C, D, E, F, G, H, erect 

the Perpendiculars A a, B 5, Cc, Cc, by whoſe Inter- 


by 
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th deep. (3) I the Rays are. pro- 


vals the Extent of the Colours wrought by them will 


be repreſented. For if at the Thickneſs Y A the Vi- 
olet Colour begins, and the Indigo at B, the Extent AB 
= repreſent the Breadth of the Violet; and ſo of 


9 
. * 4 


3. Then. 


548 


HI and HL be the like Limits for the extreme Red 


/ Lieur and Corduns, 
than the reſt, the Body will appear of the 
Colour proper to that Sort of Ray, but it 

* wil 


34. Then let the Line A a be divided into equal | 


Parts, and number'd as in the Figure to 43; and 
through thoſe Diviſions from Y draw the Lines x I, 2K, 
L, 5M, 6N, 7 O, &c. Then will the Parts A 2, 
; A 10, A 14, Oc. be in Proportion to the odd 
Numbers 1, 3, 5, 7, 9, 11, Oc. or as the Thickneſſes 
of the Air at the ſeveral Rings. See AR: 112 
35. Therefore ſince A 2 repreſents the 'Thickneſs of 
any thin tranſparent Body, at which the Violet of the 
firſt Order or Ring is moſt copiouſly reflected; then 
will HK repreſent its Thickneſs where the Red vf that 
Order is moſt copioufly reflected: Becauſe, in the fimi< 
lar Triangles AY 2 and HY K, we have TA: YH 
:A2: HK. But YA and YH are as the Thick- 
neſſes of the Plate of Air at theſe Colours, and there- 
fore alfo A 2 and HK. See Art. 32. © 1 
36. Again; becauſe (by Art. 12.) AG is the Thiek- 
nets where the Violet of the 2d Ring is molt copiouſl 
reflected, and (by Art. 20.) the Ratio of the Thickn 
of the Air where Violet and Red are reflected is the 
fame as of YA to YH; therefore ſince LA: YH: 
A6: HN, the Line HN will repreſent the Thick- 
neſs of the Plate where the Red of the ſecond Order 
is reflected moſt copiouſly. Thus alſo A 10 and HQ 
will repreſent the ſame for the Violet and Red of the 
third Order, and ſo on. þ | 
37. And the Thickneſſes at which the intermediate 
Colours will be reflected moſt copiouſly will be defined 
by the Diſtance of the Line AH from the intermediate 
Parts of the Line 2 K, 6 N, 10 Q, Ec. againſt which 
the Names of the Colours are written; which is eaſy 
to underſtand. ae: 
38. But farther to define the Latitude or Breadth of 
the Colours in each Ring, let A 1 denote the leaft 
Thickneſs, and A 3 the greateſt, at which the extreme 
Violet in the firſt Series or Ring is reflected; then ſhall 
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will be not ſo pure and ſtrong as before. 
(4.) If .three or four Sorts of Rays are 


promiſ- 


and the intetmediate Colours will be limited by the in- 
termediate Parts of the Lines 1 I and 3 L, againſt which 
the Names of thoſe Colours ſtand; and ſo on. Note, 
The ſame Latitude is aſſigned to every Series of Colours, 
AHL 3, 5MO7, 9 PRII, &c. becauſe: the Diffe- 
rence of the Breadths of the Rings in the Plates of 
Air and Water were inſenſible to the Eye in the Expe- 

timent. N | | | 
39. From hence it is eaſy to obſerve, that the Spaces 
A1lH, 35 ML, 7g9PO, Cc. are thoſe at which 
the Rays are tranſmitted, and the dark Circles appear. 
And therefore we may know from this Scheme what 
Colour muſt be exhibited (in the open Air) at any 
Thickneſs of a tranſparent thin Body : For if a Ruler 
be applied parallel to AH, at the Diſtance from it by 
which the Thickneſs of the Body is repreſented, the 
alternate Spaces 11 L 3, 5M O 7, &c. which it croſſes, 
will denote the reflected original Colours, of which the 
Colour exhibited in the open Air is compounded, | 
40. Thus, for Example, if it be required to find 
what is the Conſtitution or component Colours of the 
Green of the third Order or Series, apply the Ruler as 
you ſee at 75tu w, (parallel to A H) and by its Paſſage 
through ſome of the Blue at , and Yellow at «, as well 
as through the Green at t, you may conclude that the 
Green exhibited at that "Thickneſs of the Body is prin- 
cipally conſtituted of original Green, with a Mixture 

of ſome Blue and Yellow. | f 
41. By this means alſo you may know how the Co- 
lours from the Centre of the Rings outward ought to 
ſueceed in the Order as they have been deſcribed in Art. 
11. For if you move the Ruler gradually from A H 
through all the Diſtances, having paſs'd over the firſt 
Space A 1, which denotes little or no Reflection to be 
made by thinneſt Subſtances, it will firſt arrive at-1 the 
Violet, and then quickly at the Blue and Green, which 
together with the Violet compound Blue and 9 
e 
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promiſeucully 


| but there will bea Reflection of original Green, with 
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the Colour bf )the:Body) will be Mixed er 
2110G | Com 


the Yellow-and-Redg1by: whoſe: farther Addition that 
Blue is converted into Whiterieſs, which continuce 
during the Tranſit ofſthe Nuler from I to 3 undd after 
that, by the ſucceſliveDtfifience of its component Co- 
lours, turns firſt to compbund!Yellow, and that to Nad, 
which ceaſes at L. Thu are the Colours of the fr 
Series tod. 1 fl gs h N N 
42. Then begin the Cblours of the ſecond Series, 
which-fucceed in Order during the Franſit of the Tage 
of the Ruler from g to Ogi ando are more Itveiy then 
before, becauſe more t α¹j.d and ſerered : And herd 
becauſe the Ruler arrivns to and paſſet over aa Pointy 
before it comes to M, thert cannot bein Meſlection uf 
all the Colours at the fagie Time, anch therefore no 
Whiteneſs between the Bluerand Yellow; as) before j 


” 


Yellow and Orange of; ort Side, and Blue and Indigo 
on the other, which together make a compound Greet 
The Violet will: here-hr& appear at 5, before it domes 
to be reflected with Indigo and Blue. ue! 
43. So the Colours af the third Series happen in Or- 
det; fiſt: the; Violet at , which as it interſeres with 
the Red of the ſecam Order is thereby: int lined tua 
reddiſh Purple. Thenthe Blue and Green, hich here 
ate leſs mixed it other Colours, and conſequantly 
are more lively than befote, eſpecially the Green. Then 
follows — — ſome of Which towards the (3ree 
is diſtin& and good; but chat Part towards thi: ſuocred- 
ing Red, as alſo that Redꝭ is:mixed with the Violtt and 
Blue of the fourth Order; +whertby various:Negrees of 
Red, very muck-inclining:tePuaple; are compounded.» 
44 Hence tlie: V iglet and Blue, which: ſhould ſvt- 
ce ad and begin the PurthiSerins, being mixed with im 


hidden in the Red of che third Order, there ſuccesds 


a Green, which at firſt is moch inclined to: Blue, but 


ſocn becomes a goed Green, being the only unmixed 


And lively Colour of this fourth Order: For as it verges: 
| | towards 


. 
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V Lien and Gown 
Compound, inclining ba the Tine: ofthe 


110 r Goloirsri:(3:) When all: 
Sorts 


itobbficbſereith/ths! 
whoſe Mixture the ſuel 


—_—_——— 


towards - the >Y eHow; it 
Calours of the fiſth Stries 
coding Vellow and: Med lane very much! diluted? andÞ 
mad? Airty, the i Velſowyg which being che 
Colour is ſcared ablo a ſhewitſelf; ſdithat th 
Order conſiſts of Green am Red only) 
45. After this, by paſſing the Edge of che Ruler 
dong parallel to A H, :it:aidDcatthe Colours of. che | 
ſecond,- third, and fouttlꝑ Berits 1a hee which will 
fhew thoſe-Colours become: mbteamy more intermixed;® | 
til after chree or four mote Reyolutions (in which che- 
Red and Blue predominate: by turns; the fifth, | 

fixth; and —— — — — —— tall 
Places pretty! equal ed, and —— — andeven 
Whiteneſs. Thus the Lines 5 N through the Red 
of the yth Series; the Yellow und cen of the 'Bth a 
the Rur of the th, and the Purple of che toth, 
Whitenefs at the Thickneſs oA A or H. mcd dee | 
rily. reſult from the Mixture-of 0 nay Co- | 
lours 6A bat ogibn! Di bs b9i3aRt31 20 05 | 

46. Since Art. 230i! 2r;'the: Neef ons Colour 
are: 2 thoſe»vf another Colour are re- { 
fected, the Reaſon of the cotour's [Rings made d tranfs! | 
| 


WATTS 


— 


mitted Light i is from hence manifeſt at has 
been ſaid with reſpect to tha — made by Refe- 
ton from the Spaces 1 L 50, % Ry el is equally - 
zpplicable to account for the Colours müde by Refrac- 
tion through the earmarked Pas SIG lib c 
47. Not only the Order ed hut ale the previ 
ciſe Thickneſs of the Plute at which anyof choſfs Ge. 
lours are exhibiced 4 in Pꝑrtsſof e de on 
33 follows. Sinct- (by uc. 14, 5 WG abe hay 
the Thickneſs of the” Plas hive gabe Lis heis =; och 
ictted. already weaſuradt, Ur. F I= dF plate 
iddde F = ider Porn tribber ketwand nee XXXIX. it 
$45 = 0,0000056, or 5& Parts of Ten Mien of Fi Ig. 2. 1 
a Inok z if the Scale of equal. Parts be conſtructed _ | 1 
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Bodies, thoſe Bodies appear - white,, or, of 


Of. Licur and Colours.) 
Sorts: of. Rays are equally reflected from 


the 


of which FI 56, it is plain any other Thickneſs of 
Air may be immediately meaſured thereon by means of 
a Pair of Compaſſes, or by a parallel Ruler. Thus Gu 
= 0,0000254 3 A2 = 0,0000040 ; H K = 0,000006s ; 
A 6 = 0,0000119; H N = 0,00001 And thus any 
other Thickneſs for any propoſed Colour -or Series is 
evident almoſt by Inſpection to the Ten Millionth Part 
of an Inch, FS 

48. Since by Art. 19. it appears that the Thickneſſes 
of Air and Water, exhibiting the fame Colour, are as 
4 to 3; if the Thickneſſes in Air are known for the 
ſeveral Rings, you'll have the Thickneſs of the Bubble 
of courſe where the ſeveral Colours appear; and thus 
the Table in Art. 27. was made. Alſo hence the Thick- 


neſſes of thin Plates of Glaſs producing the Rings of 
Colours will be known, being to thoſe of Air as 20 to | 


31, viz. in the Proportion of the Sines of Incidence 
to Refraction out of Glaſs into Air for Yellow Light; 
and the Difference of the Proportion of the Sines for 
the other Rays is not conſiderable. 

49. Theſe are the Meaſures nearly, which Sir Iſaac 
has expreſs'd in the following Table, where the Num- 
bers are ſo many Millionth Parts of an Inch for the 
T hickneſles of the Plates of Air, Water, and Glaſs, 
which exhibit the various Colours of the ſeveral Or- 
ders, | | ot 

| Air. Water. Glaſe; 
Very Black, "" F 7 


I Black, 1 1 1j 

| Blue, 2F 118 1 
Corovrs of the : 7 : 
Firſt Order, 1 White, 5s 71 35 
Yellow, 7% 54 43 

| Orange 8 6 53 

Red, 9 09 3 


Of Liehr and Coldu Rs. 
the Colour of the Sun's Light. (6.) Where 
there is no Light at all incident on Bodies, 


_ thoſe 
a Water. Glaſs. 
. — 1 84 2 
Ne 
PE. Blue, 
Of the Second Order: } Fels, 
Orange, 
Bright Red; 
(Scarlet, 
eg | | 
* ! 
ie x, : Blue 231 17 150 
le Of the Third Order. Green: e 16 55 168 
us 1 Yellow, 2775 20 127 
K- Red, p 29 2 11 187 4 
of L Blueiſh Red, 5 32 24 205 | 
to 4 ——— m¶ꝗᷓ — — 
* Fi OED” YES Green, 357 26; 224 
« Of the Fourth Order. Blue; 1 1403 30 26 Th 
k } 
or 1 , > . * | he 
„ Greeniſh Blue, 46 343 297 
1 Of the Fifth Order. Red, 521 391 3 + 
N= Ye © Greeniſh Blue, 581 44 38 
b Of the Sixth Order. Let, be 48% 12 
1 "ow 2 


r= ; | OV, Greeniſh Blue, 71 ie 


0 5o. Theſe are the principal Phznomena of thin Plates 
7 or Bubbles, which follow from the Properties of Light 
; by a mathematical Way of Reaſoning ; whence it fol- 
lows, that the colorific Diſpoſition of Rays is connate | 
| with them, and immutable, there being always a con- 
: ſtant Relation between Colours and the Refrangibility 


and Reflexibility of the Rays. In this reſpect the Sci- | 
ence of Colours becomes a Speculation as truly Mathe- 
matical as any other Part of Optirs ; and conſiſts of two | 
Vor. II, Aa Parts, 

| 
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thoſe Bodies can have no Colour, which 
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is a Property of the Rays of Light only 
(xxl. 


LET 


Parts, one Theoretical, which delivers the Properties of 


Light, and the Principles on which the various Phe. 


nomena of Colours depend: This Part we have hither- 
to been treating of: The other is Practical, and con- 
fiſts in applying theſe Principles to account for the per- 
manent Colours of Natural Bodies; to which we ſhall 
now proceed in the following Note. 

(CXXH) 1. As 1 here intend to deliver the whole 
Newtonian Doctrine of Colours, it will be neceſſary to 
begin and proceed with the. Definitions and Precautions 
which Sir Iſaac Newton himſelf has made uſe of, and 
which are as follow... | | 

2. His general Poſition is, That if the Sun's Light 
conſiſted but of one ſort of Rays, there would be but one 
Calour in the whole World; nor would it be poſſible to pro- 
duce any neio Colour by Reflections and Refrattions ; and. 
by Conſequence that the Variety of Colours depends upon the 
Compoſition of Light. All which is evident from the 
Subject of the foregoing Annotatiens on the Properties 
and Phænomena of Light by Reflection and Refraction. 

3. His Definition of Light is as follows: The Light 
whoſe Rays are all alike refrangible he calls Simple, 
Homogeneul, and Similar; and that whoſe Rays are 
ſome more refrangible than others he calls Compound, 


| Heterogeneal, and Diſſimilar. 


4. The Colours of Homogeneal Lights he calls Pri- 
mary, Homogeneal, and Simple; and thoſe of Heteroge- 
neal Lights he calls Heterogeneal and. Compound, becauſe 
theſe are all compounded of the Colours of Homoge- 
neal Lights; as hath been in part already, and will de 
farther ſhewn in the Sequel of this Annotation. ph 
5. The Homogeneal Light and Rays which appear 
Red, or rather make Objects appear ſo, he calls Rubrific 
or Red-making Rays; thoſe which gives Objects a Yellow, 
Green, Blue, or Violet Colour, he calls 1 
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frr BNF O be a ſpherical Drop of plate 
falling Rain, and AN a Ray of the Sum xrLviur. 
falling Fig. * 


brten· mating, Blue-making, Violet-making Rays; and ſo 
of the reſt. And therefore whenever he fpeaks of Light 
and Rays as coloured, or endued with Colours, he would 
de underſtood s not philoſophically and properly, 
but groſsly, according to the vulgar Notion of 
common People, | 

6. For the Rays, to ſpeak properly, are not colour'd ; 
in them there is nothing but a certain Diſpoſition and 
Power to excite a Senſation of this or that Colour, For 
2s Sound in a Bell or muſical String is nothing but à 
tremulous Motion, and in the Air nothing but that Mo- 
tion propagated from the Object in aerial Undulations; 
and in the Senſprium tis a Senſe of Motion under the 
Notion of Sound: So Colours in the Obje& are no- 
thing but a Diſpoſition to reflect this or that Sort of 
Rays more copiouſly than the reſt; in the Rays they 
are nothing but their Diſpoſition to propagate this or 
that Motion to the Senſorium by the Optic Nerve; and 
in the Senſerium they are Senſations or Ideas of thoſe 
Motions under the Fortis or Notions of Colours. 

7. Every Ray of Light in its Paſſage br any 
Aading Jurfase- ie put into a certain tranſient Conſti- 
tution or State, which in the Progreſs of the Ray re- 
turns at equal Intervals, and diſpoſes the Ray at every 
Return to be eafily tranſmitted through the next re- 
frating Surface, and between the Returns to be eaſily 
reflected by it. This is manifeſt from Art. 21, 22, of 
the laſt Note. Theſe Returns of the Diſpoſition of any 
Ray to be reflected he calls its Fits [4 eaſy Reflection, 
and thoſe of its Diſpoſition to be tranſmitted its Fits of 
eaſy Tranſmiſſion ; and the Space it paſſes between every 
Return he calls the Interval of the Fits. 

8. This Alternation of its Fits depends on both the 
durfaces of every thin Plate or Particle, hecauſe it de- 
pends on its Thickneſs ; and alſo becauſe, if either Sur- 
face be wetted, the Colours cauſed both by Reflection 
and Refraction grow faint, which ſhews it to be affected 

A a 2 at 
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falling upon it in the Point N, which Ray 
ſuppoſe refracted to F, from thence re- 
Nn, 


at both. It is therefore performed at the ſecond Surface, 
for if it were performed at the firſt, it could not depend 
on the ſecond; and it is influenced by ſome Action ot 
Diſpoſition propagated from the firſt to the ſecond, be- 
cauſe otherwiſe at the ſecond it could not depend on 
the firſt. | 
9. This AQtion or Diſpoſition, .in its Propagation, 
intermits and returns at different Intervals in different 
Sorts of Rays, emerging in equal Angles out of any 


refracting Surface into the ſame Medium. Thus in the. 


Experiment of Art. 20. and 21. of the laſt Armetation, tis 
plain, the Violet Ray being in a Fit of eaſy Tranſmiſ- 
fion at its Incidence on the Plate of Air, was again in 
that Fit at the fartheſt Surface, in paſſing through a leſs 
Space than that which the Red paſs'd through in the 
Interval of its Fits; for thoſe Spaces were as the Thick- 
neſſes of the Glaſſes, and conſequently the Intervals of 
theſe Fits were as the Numbers 63, 68, 71, 76, 824, 
882, 921, 100, for the Rays reſpectively from Viokt 
to Red. See Art. 32. of the laſt Annotation. 

10. Hence when a Ray of Right falls upon the Sur- 
face of a Body, if it be in a Fit of eaſy Befleion, it 
ſhall be reflected; if in a Fit of eaſy Tranſmiſſion, 
it ſhall be tranſmitted : and thus all thick tranſparent 
Subſtances are found to reflect one Part of the Light 
which is incident upon them, and to refract the reſt, 

11, The leaft Parts of almoſt all Natural Bodies are 
in ſome meaſure tranſparent. This is well known to 
thoſe who are converſant in Experiments with the com- 
mon and ſolar Microſcopes : As alſo by the Solution 
of denſe and opake Bodies in Menſtruums ; for then 
their Particles being ſo minutely divided become tranſ- 
parent. And therefore, i the inconceivable 
Smallneſs of the Particles of Light, even in Compariſon 
of the ſmalleſt Parts of Natural Bodies, we, may con- 
ceive them as always incident on the Surface of tranſs- 
parent Subſtances. 
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flected to G, and there again refracted in 
the Direction GR to the Eye of a Specta- 


tor ; 


12. I have obſerved (briefly) before, that thofe Su- 
perficies of tranſparent Bodies reflect the greateſt Quan- 
tity of Light, which have the greateſt refracting Power. 
Thus Glaſs produces a total Reflection of Light, at a 
leſs Angle of Incidence on. the Air than Water ; for 
in Glaſs that Angle is but 40? 107, but in Water jt is 
4835. Thus alſo Diamond, whoſe refractive Power 
to that of Glaſs is as 34 to 26 nearly, is found to re- 
flet a much greater Quantity of Light than Glaſs, 

13. Hence 'tis obvious, there can be no Reflection 
at the Confines of equally refracting Mediums, For 
let H I be a ſingle Ray of Light paſſing out of a denſer 
Medium AC into a rarer DE ; ip this Caſe there will be 
a certain Limit or Angle of Incidence HIK, in which 
the Ray will be reflected into IG. If the Medium AC 
be ſuppoſed to have its Denſity decreaſing, then the 
Limit or Angle HI K will be continually increaſing ; 
or, which is all one, the Ray HI muſt have a greater 
Obliquity than HIK that it may be reflected. There- 
fore when the Denſity of the — A C becomes 
equal to that of D E, the Angle HI K will become 
equal to DIK; and ſo no Ray inclined to the Perpen- 
dicular K J can in that Caſe poſſibly be reflected. 

14. Hence the Reaſon why uniform pellucid Medi- 
ums, as Water, Glaſs, Cryſtal, Sc. have no ſenſible 
Reflection but in their external Superficies, where they 
are adjacent to other Mediums of different Denſities, is 
becauſe all their continuous Parts have one and the ſame 
Degree of Denſity. 

15. Hence alſo it is, that ſince in common Sub- 
ſtances there are many Spaces, Pores, or Interſtices, 
either empty or repleniſhed with Mediums of other 
Denſities, various Reflections muſt be made in the Con- 
fines of theſe differently refracting Mediums; and thus 
the Bodies become variouſl — and opake in 
different Degrees. As for | inner Water between 
the tinging Corpuſcles wherewith Liquor is impreg- 
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tor; and let IG be perpendicular to the 
Point G: Then will the Beam by its Re- 
fraction at G, be ſeparated into its ſe- 


veral 


nated; Air between the aqueous Globules which con- 
ſtitute the Clouds or Miſt; and Water, Air, and per. 
haps other ſubtil Media between the Parts of ſolid 
dies, give them their proper Colours and Degrees of 
Opacity, by a confuſed and promiſcuous Reflection and 
Refraction of Light. 
16. The Parts of Bodies and their Interſtices muſt 
not be leſs than of ſome definite Bigneſs to render them 
opake and colour d: For, as was faid before, the opakeſt 
Bodies, if their Parts be ſufficiently attenuated by $0- 
lution, become tranſparent. Thus the Top of the 
Water-Bubble being very thin made no ſenſible Reflec. 
tion, and therefore exhibited no Colours; but, tranſ- 
mitting the Light, appeared black, Hence it is that 
Water, Salt, Glaſs, Stones, &c. having their Parts and 
Interſtices too ſmall to cauſe Reflections, become tranſ- 
parent and colourleſs, | 

17. The tranſparent Parts of Bodies, according to 
their ſeveral Sizes, reflect Rays of one Colour, and 
tranſmit thoſe of another, on the ſame Grounds that 
thin Plates or Bubbles did the ſame ; and this is un- 
doubtedly the Ground and Reaſon of all their Colour, 
For if ſuch a thin Plate ſhould be broke into ſeveral 
Fragments, or lit into Threads of the ſame Thickneſs, 
they would all appear of the ſame Colour; and by con- 
ſequence, an Heap of thoſe Threads or Fragments 
would conſtitute a Maſs or Powder of the ſame Colour 
the Plate exhibited before it was broken ; and the Parts 
of all Natural Bodies, being like ſo many Fragments 
of a Plate, muſt on the ſame Grounds exhibit the ſame 
Colours, 

18. And that they do ſo will appear by the Affinity 
of their Properties, The finely colour'd Feathers of 
ſome Birds, as of Peacocks Tails, do in the very ſame 


Part of the Feather appear of ſeveral Colours in ſeve- 

ral Poſitions of the Eye, in the ſame manner that thin 

Plates were found to do in Articles 16 and 26 of 1 
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veral Sorts of Rays, which will paint their 
reſpective Colours in that Part of the Drop; 
of 


laſt Annotation; and therefore their Colours ariſe from 
the thin tranſparent Parts of the Feathers, that is, from 
the Tenuity of the very fine Hairs or Capillamenta, 


which grow out of the Sides of the groſſer Parts or la- 


teral Branches of thoſe Feathers. 

19. And hence it is, that the Webs of ſome Spiders 
being ſpun very fine have appeared coloured; and that 
the coloured Fibres of ſome Silks, by varying the Po- 
ſition of the Eye, do vary their Colours. 

20. Another Circumſtance in which they agree is, 
that the Colours of Silks, Cloaths, and other Subſtances, 
which Water or Oil can intimately penetrate, become 
more faint and obſcure by being immerſed into thoſe 
Liquors, and recover their V igour and Vivacity again by 
being dried, in the ſame . as Was obſerved of 
thin Bodies in Art. 19. and 30. of the Taſt Annotation, 

21. A third Circumſtance, in which Natural Bodies 
agree in their colorific Quality with thin Plates, is, that 
they reflect one Colour and tranſmit another. Thus 
Leaf-Gold looks yellow by reflected Light, and of a 
blueiſh Green by the tranſmitted Light, Alſo an Infu- 
fon of Lignum Nephriticum reflects the Blue and Indigo 
Rays, and therefore by Reflection appears of a deep 
Mazarine Blue; whereas by refracted Light it appears 


of deep Red. And the ſame Thing is obſervable in 


ſeveral Sorts of painted Glaſſes. 

22. Again; as thin Plates and Bubbles exhibit dif- 
ferent Colours in different Thickneſſes, fo the Parts of 
Natural Bodies are obſerved to undergo a Change of 
Colour in ſome Degree from Trituration, and a Com- 
minution of their Parts. Thus ſome Powders which 
Painters uſe, by being elaborately and finely ground, 
have their Colours a little changed, Thus Mercury by 
ſeveral Chymical Operations has its Parts ſo altered as 
to look Red in one Caſe, Yellow in another, and White 
in a third, Thus Copper in the Maſs appears Red, but 
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of which that next the Perpendicular I G 
will be red, as being leaſt refracted, and 


the 
having its Parts attenuated 1 ution in. acid Medi. 
ums, appears intenſely Blue. Hence the Production and 


Changes of Colours by the various Mixture of tranſ- 
parent Liquors. Thus Clouds receive their different 
compound and beautiful Hues and Tints from the diffe- 
rent Sizes of the aqueous Globules of which they 
conſiſt. | | | 
23. The Sizes of the Particles of Bodies, on which 
their Colours depend, are indicated by thoſe Colours: 
Thus the leaſt Particles of Light exhibit the Violet- 
Colour, and the leaſt Thickneſs of the Plate of Air or 
Water exhibited the ſame Colour in the ſeveral Rings. 
Again: The largeſt Particles of Light exhibit a Red 
Colour, and Red is produced by Reflection and Refrac- 
tion in the thickeſt Part of the Plate in each Ring; 
and the intermediate Colours, Blue, Green, Yellow, 
are produced from Particles of a larger Size in Order. 
24. The Magnitude of the Particles of colour'd Bo- 
dies may be pretty nearly conjectur'd by the Colours 
they exhibit: For tis pretty certain they exhibit the 
ſame Colours with the Plate of equal Thickneſs, pro- 
vided they have the ſame refractive Denſity ; and ſince 
their Parts ſeem for the moſt Part to have much the 
ſame Denſity with Water or Glaſs, as by many Cir- 
cumſtances is obvious to collect, we need only have 
Recourſe to the Table or Scale (in Art. 47, 48, 4% 
of the laſt Annotation) by which the Thickneſs of Wa- 
ter or Glaſs exhibiting the ſame Colour is ſhewn. - 
25. Thus if it be deſired to know the Diameter of 
a Corpuſcle, which being of equal Denſity with Glaſs 
ſhall reflect Green of the third Order; then in the ſaid 
Table you ſee under Glaſs, and oppoſite to Green of 
that Order, the Number 164, which ſhews the Cor- 
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puſcle to be Parts of an Inch. But here the 


Difficulty is to know of what Order the Colour of any 
Body is: But for this Purpoſe we may be aſſiſted by 
| viewing 
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me reſt in Order above it. Now it is found 


by Computation, that the greateſt Angle 
He O, 


viewing the Scheme of the ſeveral Orders of Colours; 
and by laying the parallel Rule acroſs them ſeverally, 
you will obſerye thoſe which are leaſt compounded with 
others in every Order, and conſequently are moſt vivid 
and intenſe, 

26. Thus Scarlets and other Reds, Oranges, and Tel. 
lnvs, if they appear pure and intenſe, you may con- 
clude they are of the Second Order. Good Greens ma 
be of the Fourth Order, but the beſt are of the Third, 
Blues and Purples may be of the Second or Third Order, 

ut the beſt and leaſt compaunded are of the Third. 

hiteneſs, if moſt intenſs and luminous, is that of the 
Firſt Order; if leſs ſtrong and bright, it is that ariſes 
from the Mixture of the Colours of ſeveral Orders. 

27. The Reds therefore of Carmine, Cinnabar, Ver- 
milion, of ſome Roſes, Pinks, Peonies, &c. are of the 
Second Order, The Green of all Vegetables is of the 
Third Order; Ultramarine is a Blue of the Third Or- 
der, Biſe a Blue of the Second. Order, and the Azure 
Colour of the Sky ſeems to be of the Firſt Order, 
Gold is a Yellow of the Second Order, The White- 
neſs of Paper, Linen, Froth, Snow, Silver, &c. is of 
the Firſt Order. Concerning all which ſee more in Sir 
ljaac Newton's Optics, p. 230—237. | 

28, It has been obſerved, (See Art. 41. of the laſt 
Annatation] that ¶hiteneſs ariſes from a promiſcuous Re- 
flection of all the Colours together; and this is proved by 
ſeveral Experiments. Thus the Colour of the Sun's Light 
is White inclining a little to Yellow, as being a Com- 
poſition of all the different colour'd Rays, among which 
the Yellow being the brighteſt is moſt predominant. 
Thus alſo the Rays when ſeparated by the Priſm, if re- 
ceived by a broad convex Lens of a large focal Diſ- 
tance, will all be thrown together in a ſmall round 
Spot in the Focus, and appear of a white Colour, Thus 
allo a Powder compounded of Orpiment, Purple, Biſe 


and 
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SeO, or EO, (drawing OP parallel to 
S E) under which the moſt refrangible Rays 
| can 


and Verdigreaſe, in proper Proportion, appeared of a 

perfect Whiteneſs in the Beams of the Sun. 
29. But the moſt curious Experiment for Proof of 
this is as follows, Let any circular Area be divided on 
Plate its Periphery into ſuch Parts A B, BC, CD, DE, Ek, 
xxxlx F G, and GA, as are proportional to the Differences 
Fi of the Lengths of the Muſical Strings in an Octave, or 
* the Numbers 1 1, 3. 3. I» 85 8. I; then ſtriking a Circle 
 abcd 4 gat a ſmall] Diſtance from the Periphery, the 
ſeveral Diviſions of this Annuius or Ring are to be laid 
over with the primary Colours proper to each, that is, 
Red from A to B, Orange from B to C, and the reſt 
in Order as they are wrote in the Figure. Then mak- 
ing all the internal Space very black, let this Area with 
its painted Ring be whirl'd or ſpun round in the manner 
of a Top, and the Ring will appear very white, eſpe- 
Cially in the Sun-Beams : For in this Caſe all the Go. 


nl lours are blended together in the View, and muſt there- 
ö fore exhibit Whiteneſs, 
it 30. On the other hand, Blackneſs is the Abſence of all 
| Colours; for it was obſerved, that in the Middle or 
1 Centre of the Rings of Colours, both in the Plates of 
| Air and Water, there was a black Spot, which was oc- 
caſioned by a Tranſmiſſion of all the Light in that Part, 
and conſcquently by a total Deficiency of Colour, 
31. But this happened in that Part of the Plate of 
Air, and Water Bubble, where it was thinneſt; and 
| hence we are taught that the Corpuſcles of black Bo- 
| dies are leſs than any of thoſe which exhibit Colours. 
x Hence we ſee the Reaſon why Fire, and the more ſubtil 
| Diſſol ver Putrefaction, by attenuating the Particles of 
| Bodies, turn them black : Why a Razor, while ſetting, 
© | turns the Oil upon the Hone black : Why a ſmall Quan- 
= tity of a black Subſtance will tinge ſo great a QT 
of any other ſo intenſely : Why black Subſtances ſoon 
of all others do become hot in the Sun's Light and 
burn: Why being ſoft, and ſtroked hard with the _ 
the 
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can come to the Eye of a Spectator at O, is 
40 Deg." 17 Minutes; and that the greateſt 
| 3 Angle 


oy ſcintillate, or. emit Sparks of Light in the dark : 
Why a black Cloth will, if wet, dry ſooner than a 
white one: Why moſt Blacks are a little inclined to a 
bluiſh Colour: With various other Phænomena of 
this kind. 

32. From what has been ſaid, the Newtonian Method 
of compounding and decompounding Colours may be 
eaſily underſtood, if we only firſt premiſe, that the Co- 
lour reſulting from a Mixture of any primary Colours 
is an Effect in which each primary Colour has a Share 
in Proportion to its Quantity ; therefore this compound 
Colour is analogous to the Common Centre of Gravity 
beween two Powers acting againſt each other: For as 
this Centre of Gravity will always be neareſt to the 
greateſt Power, ſo the Hue of the compound Colour will 
always approach neareſt the Complexion of that pri- 
mary Colour which was largeit in the Mixture. 

33. Therefore to know what Colour will reſult from 
a Mixture of two Parts Yellow, and three Parts Blue ; 
from the Middle of the Yellow Arch at H to the Middle 
of the Blue at I draw the Line HI, and divide it in- 
to five equal Parts, three of which ſet from the Point 
H, or two from the Point I, will give the Point K, 
through which if you draw the Line N L, it will point 
out the Colour of the Mixture at L, which is Green; 
but becauſe the Point L is ſo much nearer the Blue than 
the Yellow, it will be a blueiſh Green, 

34. Again : If it be required to know what Colour 
the Mixture ſhall be of that has two Parts Yellow, 
three of Blue, and five of Red; then ſince we have 
already determined the Point K for the two firſt Quan- 
titics, which are five Parts; alſo ſince there are five 
Parts of Red, if we draw the Line MK, and divide 
it into two equal Parts in P, and through P draw the 
Line N O, this, as it falls upon the Orange, but near 
the Red, ſhews the Compound will be of an Orange 

2 Colour 
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Angle F OP, under which the leaſt refran, 
gible Rays come to the Eye at O, is 42 Dep, 

$ 8 2 Minutes, 


Colour inclining to Red. And thus you proceed in 
other Cafes, | 2 

35- It muſt be farther obſerved, that the Colour wil 

be leſs or more broken or imperfect as the Point of 

© Interſeftion K or P falls nearer to or farther from the 

Circumference towardy the Centre N, where White is 

repreſented : That is, the farther the Point K is fitu- 

ated from L towards N, the leſs pure and intenſe, or 

— more broken and mottley, the Green Colour will 
e. 

36. Hence, if it be required to find (on the other 
Hand) what Colours muſt be taken, and in what Quan- 
tity, to exhibit by their Mixture the broken blueiſh \ 
Green at K, let the Line H I be any how drawn through 0 
K, and it will ſhew that if wa take ſuch Quantities of ( 

c 
E 
\ 


Yellow and Blue as are in Proportion to I K and KL, 
they will when mixed produce the given Green at K. 
Alſo the Line LN, paſſing through the ſame Point K, 
ſhews that a Quantity of pure Green and White, in 
the Proportion of N K, L K, will in the Mixture pro- 
duce the ſame Green Tint at K as required. on 
37. What has been ſaid relates to Theory, and to 
the Colours of the Sun's Light ; and therefore in Prac- 
tice we muſt not expect ſo great Accuracy on ſeveral 
Accounts ; as, (1.) Becauſe the Powders made uſe of 
in artificial Mixtures have different Powers of refleti 
Light: Thus lighter Materials reflect more, and dark 
ones leſs; and therefore their Quantities muſt be in 
Proportion. (2.) Different Bodies, being mixed, ope- 
rate upon each other ; and thereby, either by attenuat- 
ing the Parts, or by incraſſating them, produce Colours 
quite different from what we might expect from a Mix- 
ture of Bodies or Particles which do net affect or act 
one upon another. (3.) Becauſe all artificial Colours 
are in themſelves more or leſs compounded, and there- 
fore cannot produce the Effects of pure, unmixed, and 
primary Colours. Yet notwithſtanding theſe Excep- 
| | J . 
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> Minutes. And fo all the Particles of 
Water within the Difference of thoſe two 


_ Angles 


tions, this Theory, when well conſidered and under- 
food, will be of the greateſt Service to Painters, ' 

38. Laſtly, I ſhall apply this Theory to explain and 
account for PD eral other Phænomena of Colours. Thus 
in cxamining Mineral Waters, it is uſual, in order to diſ- 
cover whether the Salts contained in them are of an Aid, 
Alcaline or Neutral Sort, to mix Syrup of Violets with 
them; becauſe then, if there be an Acid, it will change 
the Syrup Red by attenuating its Parts; O that if the 
Syrup be a Purple of the third Order, the Acid will 
change it to a Red of the Second Order, the Particles 
which reflect that Colour being of the Size next leſs. 
39. Again: If an Alcali abound in the Water, the 
Mixture will turn Green ; for the Alcali by incraſſating 
the Particles will increaſe their Size to thoſe of the 
Green of the Third Order; therefore the Syrup, and 
conſequently the . Mixture will appear of that Colour. 
But if there be neither an Acid nor an Alcali in the 
Water, it will neither turn Green nor Red, | 

40. Hence alſo it is, that when even the Fume or 
ſubtil Vapour of a ſtrong Acid, as Aqua fortis, reaches 
a Green Cloth, it changes to a Blue, becauſe that in the 
{ame Order reſults from the next leſs Size of Particles. 
If the Acid be dropped on the Cloth in Subſtance, it 
acts more violently in attenuating the Particles, and 
thereby produces a Yellow of the next preceding Or- 
der, whoſe Particles are leſs than the aforeſaid Blue. 
And after a like Manner may this Theory be extended, 
to account for other Phænomena of the ſame Kind. 

41. To conclude : Since any Object becomes viſible 
when it ſubtends an Angle of one Minute, and alſo be- 
cauſe Objects are diſtinctly viewed in the Focus of a 
Lens; therefore ſuppoſing the Focus of a Lens were 
26 of an Inch, (as they have been made thus ſmall) it 
will be found by Calculation, that an Object in the 
Focus of ſuch a Lens ſubtending an Angle of one Mi- 
Kute will de equal to 0,0000097 Parts of an Inch in- 


SFr PPT aer. fn eee 


rA d es 8. 9 8 


AQ 


D- 
% 


* ub 


* _ 


Of Licur and Cotouas, 


Angles E F will exhibit ſeverally the vari. 
ous Colours of the Priſm, and conſtitute 
the interior Bow in the Cloud. 

Ir the Beam go not out of the. Drop at 
G, but is reflected (a ſecond time) to H, 
and is there refracted in the Direction HS, 
making the Angle 8 Y A with the ineident 
Ray AN, it will paint on the Part H the 
ſeveral Colours of Light, but in an inverſe 
Order to the former, and more faint, by 
reaſon of the Rays loſt by the ſecond Re- 
flectian. It has been found alſo, that. the 
leaſt Angle SG O, or GOP, under which 
the leaſt refrangible Rays can come to the 
Eye at O, after two Reflections and 'two | 
Refractions, is 50 Deg. 57 Minutes; and 
the leaſt Angle HOP, under which the 

molt 


Length. Therefore the Diameter of a Particle leſs 
than the Diameter of any coloured Particle (except 
thoſe of the Firſt Order) will be viſible in the Focus of 

- ſuch a Lens: And therefore the Particles of all colourd 
Bodies would become viſible by ſuch a Lens, were it 
not that Particles equally thick appear of the ſame Co- 
lour, and all fo very ſmall are tranſparent'; whence, 
though they are big enough to be viſible, yet we may 
want a Difference of Colour, and ſome other Means, to 
render them diſtin, and capable of being viewed ſe- 
parately from each other. Sir Iſaac Newton thinks the 
Diſcovery of thoſe Corpuſcles by the Microſcope will 
be the utmoſt Improvement of this Science :. For it 
ſeems impoſſible to ſee the more ſecret and noble Works 
of Nature within the Corpuſcles, by reaſon. of their 
Tranſparency. 
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Of Liar and Corouns. 
noſt refrangible Rays can come to the Eye 
io this Caſe, is 54 Deg. 7 Minutes. Whence 
all the Colours of the exterior Bow will be 


b the Breadth of this Bow, viz. 3 Deg. 
10 Minutes; whereas the Breadth of the 
other, vis. E F, is but 1 Deg. 45 Minutes, 
and the Diſtance between the Bows, viz. 
FG, is 8 Deg. 55 Minutes. And fuch 
would be the Meaſures of the Bows, were 
the Sun but a Point; but ſince his Body 
ubtends an Angle of half a Degree, it is 
erident, by fo much each Bow will be in- 
creaſed, and their Diftance diminiſhed 
HaLo's 


——— 1. Having explained the Doctrine of the 
dfterent Refrangibility of the Rays of Light, and the 
Theory of Colours conſequent thereupon, it will now be 
ealy to explain and underftand the natural Cauſe of the 
Rainbow, which is wholly owing to the above;mention'd 
Property of Light. For though it was, by long Ob- 
frvation, known to proceed from the Sun's ſhining up- 
on the falling Drops of Rain; and even before Sir Iſaac 
Newton's Time it was diſcovered to be the Effect of the 
dun's Light ſeveral times refracted and reflected in the 
aqueous Globules ; firſt of all by Antonius de Dominis, 
Archbiſhop of Spalato, in a Book publiſhed in the Year 


erer account for the Diverſity of Colours, and their in- 
rerſe Order in the two Bows, or give a direct Method 
of Calculation, before Sir Iſaac Newton. 

2. To apprehend rightly the different Affections of 
this remarkable Phænomenon, we muſt attend to the 
blowing Particulars, Firſt, That though each "= 


formed. in the Drops, from G to H, which 


1611, and after him by Deſcartes : Yet no one could 
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Plate 
XLVIII. 
Fig. E 


P1. XL. 
Fig. 1. 


Sun falling on the Drops of Rain; yet neither of them 


HaLo's are formed by Rays of Ligiu 
coming to the Eye after two Nefractiom 
od Hier be. eee ee e trough 
be occaſioned by the refracted and rellected Light of the 


is produced by any Rays falling on any Part of the 
Drop indifterently, but by thoſe only which fall on the 
Surface of the Drop BLQG in or about the Point N, 
as the Ray AN; thoſe which fall nearer to B, or far- 
ther towards L, being unconcerned in this Production. 
3. Secondly, The internal Bow is produced by two 
Refractions and one Reflection. The firſt Refraction 
is of the incident Rays extremely near AN, by which 
they proceed from N to one common Point or Focus at 
F, from whence they are reflected to G, atid are there 
a ſecond time rende towards R, and produee the 
various Colours of the ſaid Bow: : , hy 5 
4. Thirdly, There is a oy that ſeyetal Rays 
ſhould be refracted together to the Point F, thav being 
reflected together from thence to G they may there go 
out parallel, and ſo come in Quantity ſufficient to excite 
the Senſation of Colours in a ſtrong and lively Manger. 
Now thoſe Rays, and thoſe only which are incident 
on the Globule about the Point N, can do this; as will 
appear from what follows : For, | OY 
F. Fourthly, The Point F makes the Arch Q F a 
Maximum, or the Diſtance Q F from the Axis of the 
Drop S Q is greater than any other Diſtance from 
whence any other Rays nearer to the Axis, as 8 D, 
8 E, or farther from it, as $ H, S I, are reflected; be- 
cauſe thoſe which are nearer after the firſt Refraction 
tend to Points in the Axis produced more remote than 
that to which the Ray 8 N tends; and therefore as 
their Diſtance from the Axis increaſes, ſo likewiſe will 
the Diſtances of their Points of Reflection QP, QO, 
till the Ray becomes SN ; after which the Rays more 
remote from the Axis, as S H, SI, are refracted towards 
the Points X Y, which are nearer and nearer to the 
Axis; and this occaſions the Points of Reflection ls 
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through Drops: of Rain, or ſpherical Hail. 


fones ; which Light ought to be ſtrongeſt 

8 5 TY at 
the fartheſt Side of the Drop to decreaſe again from F 
towards | 1 BER: 


ſome Rays above and below the Ray SN will fall up- 
on the ſame Point as O or P, on the. fartheſt Side; and 
for that Reaſon as; will be fo reflected from thence as 
to go out of the Drop by Refraction parallel to each 
other. Thus let S E below, and SH above the Ray 
SN be refracted both to one Point O; from hence 
they will be reflected to M and L, and will there 


emerge parallel, tis true, but alone; being diveſted of 


their intermediate Rays S N, which going to a diffe- 
2 F will be reflected in a different Direction 
to G, and emerge on one Side, and not between thoſe 
Rays, as when they were incident on the Drop. All 
which is evident from the Figure. ( 


% 


7. Sixthly, As /this will be the Caſe of all the Rays 


which are not indefinitely near to S N, it is plain, that 
being deprived of the intermediate Rays, their Denſity 
will be fo far diminiſhed, as to render them ineffectual 
for exciting the Senſation of Colours ; and they are 


therefore called Inefficactous Rays, in Contra- diſtinction 


to thoſe which enter the Drop near 8 N, and which, 
having the ſame Point F of Reflection, are not ſcatter'd 
like the others, but emerge together at G, ſo as to 
conſtitute a Beam GR of the ſame Denſity with the 
incident Beam 8 N, and therefore capable of exhibitirig 
a vivid Appearance of Colours, and for this Reaſon are 
called Efficacious Rays, | 

8. Theſe Things premiſed, we ſhall now ſhew the 
Mathematical Principles on which the Calculations re- 
lating to this Phznomenon depend, according to Dr: 
Halley's moſt elegant and eaſy Conſtructions a little ex- 
plained and facilitated by Dr. Morgan, late Biſhop of 
Eh. Let SN, 3, be two of the efficacious Rays in- 
cident upon a Drop of Rain; theſe when refracted to 


the ſame Point F, and thence reflected to G, g, will 
BD ma ve 


Vox. II. 


. Fifth, Hence g nm deggeih Happen, what 
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at the Diſtance of about 26 Degrees frem 
the Sun or Moon, or ſomewhat lefs, if the 

os ud 


Have the Parts within the Drop on bre Side, NF, 
x F, equal to thoſe on the other Side, FG, F , froth 
the Nature of the Circle and the Ang of Theidence 
CEN CF x being equal to the Angles of Reflechon 
FG, CF z. Since the Parts within the Prop ue 
equal and alike ſituated, wy, Iota alſo he ſo with it; 
and therefore as the incident Rays $N, Su, are fup- 
poſed parallel, the emergent Rays GR, gr, will be 
10 too. 8 
9. From C the Centre draw the Radii C N, Cn, 
cf then is CNF=CFN the Angle of Refraction, 
and the ſmall Arch Nu is the naſcent Increment of the 
Angle of Incidence BCN; and as it meaſures the Angle 
4 he Centre N Cen, it is double of the Anple at the 
Circumference N F, which is the naſeent Inca 
of the Angle of Refraction NFC. 
xo. Again: Let the Ray 8 N enter the lower Part 
of the Drop, and be twice reflected within the Drop at 
F and G; then is the Ray NF = the Ray F G, und 
the Arch NF S to the Arch FG. Draw f'g parallel 
to F G, and it will be the reflected Part of ſome Ray 
n, Whoſe 1 to the Drop is ſuch as obliges it 
to croſs the Ray N F in its Refraction, as it muſt do if 
it be a little more oblique than 8 N, (by Art. 6.) Then 
alſo will the Part Af g, and the Arch »f=Fg,/and 
the ſmall Arch F/ = G 
11. Therefore, 2 F/ 
FG the Arch fg = the Arch NF — the Arch af 
=) Naz—Ff; conſequently N = 3 F. That B, 
the naſcent Increment of the Angle of Incidence is 
equal to three times that of the Angle of Refraction. 
After a like Manner you proceed to ow, that after 4, 
4, 5, Se. Reflections, the Increment of the Angle of 
Incidence will be 4, 5, 6, &c. times greater thanthat 
of the Angle of Refraction. 
12, Hence, in order to find the Angle of Incidende 
of an efficacious Ray, after any given r . Re- 
a , NS, 


= (F./4+ Og= the Arch. 
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faid Hail-ſtones be à little flatted, as often 


they are: Theſe Hal's, if the Hail be 


duly 


lections, we are to find an Angle whoſe naſcent Incre- 
ment Has the ſame Ratio to Increment of its car- 
reſporiding Angle of Refraction, generated in the ſame 
Time 4s the given Nuniber of Reflections (n) increaſed 
by Unity has to Unity; that is, in the Ratio of # + 1 


to 1. Now thoſe Idcrements are as the Tangents 


of the reſpective Angles directly; as is thus demon- 

13. Let ACD, ABD, be 3 of Incidence 
and Refraction propoſed ; and if we ſuppoſe the Line 
AC to tmove about the Point A in the Plane of thoſe 
Angles, the Extremity thereof C will deſcribe the cir- 


cular Arch Cc; and when AC is arrived to the Situa- 


tion Ac, the Line BD will be thereby removed into 
the Situation B d. Drawe D; then is the Angle ACD 
ABC T CAB, and the Angle Ard=ABc+ 
AB. Wherefore the Exceſs of Acd above AC D, 
or the Increment of A C D, is equal to both the Angles 
C Be and C Ar. But ſince the Angle Ac C differs in- 
finitely little from a Right one, a Gircle deſcribed on 
the Diameter A C fhall paſs through the Points D and 
r; and therefore the Angles CAz, CD (ning on 
the ſame Arch Cc of the ſaid Circle) will be equal: 
Wherefore the Inctement of the Angle ACD is equal 
to CBc +CD;:=Dcd. But the naſcent Angles 
Ded and D Be are as their Sines, that is, as their op- 
polite Sides BD and De D C, becauſe of the Angle 
C De infinitely ſmall, But BD: CD:: DE: DA 
(the Line B E being parallel to A C:: Tangent of the 
Angle (EBD =) ACD : Tangent of the Angle ABD. 
Therefore the Increment Ded of the Angle ACD is 
to the Increment CB + of the Angle ABD bene. 
rated in the ſame Time) as the Tangent of the 

to the Tangent of the latter directly. 


14. Hence, having given the Ratio of the Sine of | 


Incidence I, to the Sine of Refraction R, we may find 
the Angles of Incidence and Refraction of an efficacious 
Bb 2 EKRay, 


ormer 


pl. XL. 
Fig. 4. 


fig. 5. 
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duly figur'd, will- be colour'd, and muſt 
then appear red within by the leaſt re- 
. frangible 


Ray, after any given Number (1) of Reflections thus: 
In any Right Line AC, let there be taken AC: AD 
::I:R; and again, AC:AE::»n+1:1, Upon 
the Diameter E © deſcribe the Semicircle EB C; and 
on the Centre A with the Radius A D defcribe the Arch 
DB, interſecting the Circle in B. Draw AB and BC; 
then let fall the Perpendicular AF on. CB continued 
out to F. So ſhall ABF and ACF be the Angles of 
Incidence and Refraction required. | 

15. For drawing B E parallel to AF, the Triangles 
ACF and E CB are ſimilar, Now the Sine of the 
Angle ABC or AB F is to the Sine of ACB as AC 
to AB = AD, that is, as I to R; therefore if ABF be 
the Angle of Incidence, ACF will be the Angle of 
Refraction. Moreover, the naſcent Increment of ABF 


is to that of ACB (generated in the ſame Time) as | 


CF to BF, (by Art. 13.) that is, as CA to AE, (by 
ſimilar Triangles) that is, as » + 1 to 1 by Conſtrue- 
tion. The Ratio therefore of the naſcent Increment of 
the Angle of Incidence ABF, to that of the Angle of 
Refraction A CB, is that which is required in the Angles 
of Incidence and Refraction of an efficacious Ray, after 
a given Number of Reflections, (in Art. 12.) Conſe- 
quently = Angles AB F and ACF are thoſe required, 
2. E. D. 
ä * From this Conſtruction we eaſily deduce Sir [aac 
Newton's Rule for finding the Angle of Incidence ABF 
in p. 148, 149. of his Optics, thus, We had AC: 
AB::I: R, whence ac RNA B. Alſo CF: 
BF:: 1 ＋ 1: 1; therefore CF g +1 XBF, or 
(putting a +1 =m) CF=mXBF; and becauſe of 
the Right Angle at F, it is AC — CF. = AB*— 


BF, that i NR AB. FB. = AB —BF:; 
an 
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frangible Rays, and blue without by the 
moſt refrangible ones. 


and therefore Ar r A. —AB; 
and conſequently = * 7 | 


17. Hence, becauſe in the firſt Bow the e Ray emerges 
after one Reflection, we have n , m=2, m* = 4» 
n—1=3; therefore 3 RR: VTI—RR:AB 

: BF :: Radius: Co- Sine of the Angle of Incidence, In 
the ſecond Bow, where there are two Reflections, m* — 


1=8; whence RR: VII- RR: AB: BF. 
In the third Bow, after three Reflections, m* — 1 = 153 


and\/ 15 RR: VII-RR:-AB:BF; and ſo on 
for any given Number of Reflections. 

18. To find the Values of J and R, it muſt be re- 
membered, that the Ratio of the Sines of Incidence and 
Refraction was ſhewn to be conſtant (in Annat. XCVII. 


13.) and therefore their Exceſſes in divers Sorts of Me- 


diums are alſo in a given Ratio. Thus it was ſhewn, 
that in the leaſt refrangible Rays I: R :: 50: 77, out 
of Glaſs into Air; the Exceſs of R above 1 is here 27. 
If the Refraction be made out of Rain-Water into Air, 
then it is I : R :: 3: 4 very nearly for the leaſt refran- 
= Rajs; the Exceſs hereis 4—3=1. Wherefore 

y, ASI:27:: 3:81: 4: 108. Whence it appears, 
that the Sines I and R out of Water into Air are as 8r 
to 108, in the leaſt refrangible Rays: And if to the 
lefler Sine you add the given Differences between thoſe 


Sines out of Glaſs into Air for all the vu Sorts of 


Rays, viz. 27s; 275» 27%» 274, 271, 276, 28; we hall 
have the ſeveral Values of R for thoſe 10 vix. 1083 
1083, 108", 1081, 1087, 1087, 109. 

19. But ſince the Refraction here is not out of Wa- 
ter into Air, but the contrary, we fhall have the Va- 
lues of I and R interchanged ; or they will ſtand for 
the ſeveral Sorts of Rays as below. 

Bd 3 For 
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Taz Reaſon why there is | always a des 
terminate Angle for exhibiting the n 
or 


128.52 EA 5 be eg 
or the Orange, 108: 81 Beginning. 
For the Yellow, I:R: 1: 108: | 3 
For the Gree *% I: R:: 108 
For the 0. 4 108 
For the Indigd, 1: R:: 1087: 
For the Violet 1 1087 -: 87 
For Violet, 12 RN 1 109 : By: Extreme. 
20. Wherefore in the Teaſt refrangible Rays, fnte 1 = 
108, n alſo R = = Br, and RR = 6561, an 


Þ* — = = 103 3 21 40, 3, and T* — * 
5 


= 71,4. Thos W Art. 17.) 

As VER = 140, = 24147045 
Is to V N 71,4 = 185913 
So is Radius 5 = go: S 
To the Co-Sine of the 


Angle of Incidence BA F= = 30" 37 97 


21. Hence the Angle of Incidence A BF is 39.23 
in the Red or leaſt refrangible Rays Wherefore in 
Drop of Rain whoſe Axis is 8 N if we make the Arch 
BN = 959* 23 we ſhall have SN the leaſt refrangible 
Ray. ping, Given the Angle of Incidence, and the 


Ratio of I to we have alſo given the Angle of Re- 
fraction : For ſay, 
As 12 168 = 2,033424 
Is to R= 81=1, 5 


Sorts the Sine of Incidence 5023 = : 94934798 
To the Sine of the Angle of Ref. 40* 12' = 9,8 859 
22. Therefore, making the An ait c NF = 20 12, 

NF will be the — Ray; ; which at F I reflected 


into F G, and at G emerges in G R. Produce the in- 
cident and emergent Rays SN and RG till they 2 
ſect each other at X; and as CF biſects the * 
NF G, ſo when produced it will biſect the Angle 8 xk. 
Then 
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or Halo's, is becauſe there is but one pary 
ticular Point N in all the Part of the Drop 


between 
Then CFN = CXN+FNX, but FNX = CNG 


—CNF or CFN; therefore CFN = C.XN + 
8 _— 1 . ET, bx ea 
r 809 24 27 — 21? 01'S re 
eK 2 51115 oa, which is the Meaſure of 
the Angle that the incident and emerging Rags, which 
are the leaft refrangible, contain with each othe 
23. If inſtead of the Ratio 108 to 81, we take that 
of 109 to 8, we ſhall find the Values of / 3RR and 
—R* ſuch as vi ive the Angle of Incidence 
BC) J, or the Arch B 89 40ʃ, and the Angle 
8 * R = 400 17, which will the Caſe for the moſt 
ble, or extreme Violet Rays, 
f the Ray be twice reflected, viz, at F and G, 
* the Production of the exterior Bow, and emerges 
atH i in the Direction H A interſecting the incident Ra 
SN in Y ; then we may find the Angle AV 8, whic 
thoſe Rays contain with each other, thus, Nodes 
AR, till it meets G X praduced in R; then in the Tri- 
8 le HG R, the e Angle HGX = HRG + 
R. But beca 1 of equal Angles of Reflection at 
Fg it is G —=FGX; therefore HG X— 
FGX=HGF= HRG = = 2CGF or CN F. And 
(in Art, 22,) we had SXR=4CNF—2CNX; 
therefore in the Triangle Y K R we have the two inter- 
nal Angles 22 S6CNF20NX = = the ex- 
ternal Angle at vis. AY 
25. In Chis Caſe to find the 12 of Incidence and 


RefraQtion, we haue 8 RR IFR: Radius 
: the Co-Sine of the Angle of Incidence ; whence the 
ſaid Angle of Incidence will be found 1950'=CNX. 


And as 108: 81: Sine of 71 50“: Sine of 4527 | 


CNF the the Angle of RefraQtion ; therefore 456 27 X 6 
—2X 71%50' = 129% 02 = AYN, and therefore its 
Complement AVS = 509 58˙ the Angle required, for 
the leaſt refrangible _ 
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between B and L. where the Rays AN can 
enter, ſo that after a ſecond Refraction at 
der 2 | "a 


2056. But for the moſt refrangible Rays, where I :R : 


109: 81, we have the Angle of Incidence 710 26*, and 
the Angle of Refraction 449 47; and therefore the 
Angle AY S = 54 100. After this Manner you pro- 
ceed to calculate 'the ſame Angles after, three, four, -or 
more Reflections; but becauſe the Beam in being fa 
often reflected loſes ſo many of its Rays, that the re- 
maining refracted Part is in general too faint to excite 
the Idea of Colours, we paſs it by, and proceed to ap- 
ply what has been ſaid to account for the Phenomena of 
the Bows, which ſo ſtrongly ſtrike the Eye; the prin- 
Cipal whereof here follow. | 

27. The Firſt is, That each is variegated with all the 
Priſmatic Colours, This is a neceſſary Conſequence of 
the different Refrangibility of the Rays refracted and re- 
flected in Drops of falling Rain, Let A be ſuch a Drop, 
DN a Ray entering it at N, which is refracted to f. 
from thence reflected to G, where, as it emerges, it is 
refracted into all the ſeveral Sorts of Rays of which it 
is compoſed, vi. G R the leaſt refrangible or Red- mal- 
ing Ray, G O the Orange, G Y the Yellow, G G the 
Green, GB the Blue, GI the Indigo, and GV the 


Violet or moſt refrangible Ray. 


28. Now we have ſhewn (Art. 22, 23.) that the 
Angle 8 FR is to the Angle SFV as 42002 to 400 17; 
the Dierance whereof is the Angle VGR = 1 45. 
Through this Angle all the original Rays are diffuſed; 
and though the Angle be ſmall, yet at a great Diſtance 
it ſpreads to a conſiderable Width; and therefore by 
coming from the Drop A to the Eye of a Spectator at 
A, they will be ſufficiently ſeparated, and fall upon the 
Eye ſingly, each Sort of Rays by themſelves alone, 

29. — were there only one Drop A, the Eye at 


A would ſee only one Colour in that Drop, viz. the 

Red, by the leaſt refrangible Ray GR; the others, 

GO, GY, &c. being refracted above it, as is evident 

Enough in the Figure, If now we ſuppoſe this _ 1 
| eſcen 
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F for Hab's, or Reflection at F and G for- 
the*Bowos, there tan enough go out toge- 
ITT £45 95 . . th er 


P. to the Situation B, then would the Qrange- 
making Ray G O fall upon the Eye continuing in A, 
ind then the Drop would exhibit an Orange Colour. If 
after this it ſhould ſink down to C, the Yellow-making 
u G Y would enter the Eye at A, and excite. the 
Jdea'of Yellow in the Drop at G. And ſo continually, 
if we ſuppoſe the Drop to ſucceed to the ſeveral Situati- 
ons D, E, F, G, the other more refrangible Rays GG, 
GB, GF, GV, will fall upon the Eye ſucceſſively, 
and raiſe the Senſation of their proper Colours, Green, 
Blue, Indigo, and Violet when the Drop is at G. 

30. The Truth of this may be eaſily proved by Ex- 
periment, by ſuſpending a-Glaſs Globe fill'd with Wa- 
ter in the Sunſhine, and viewing it in ſuch a Poſition 
that the Rays S N: which fall upon it may emerge to the 
Eye at A, under the ſeveral: Angles from 8 F R to 
SFV; which may be eaſily effected by letting the 
Globe deſcend from A to & by a String going over a 


Pulley. And this was the famous Experiment of Ant- 


nius de Dominis and Des Cartes, who by this means con- 
firmed the Truth of their Doctrine of the Rainbow, 
which had been demonſtrated mathematically, The 
ſame Thing may be alſo fhewn, if the Globe be at Reſt 
at A, and the Eye be raifed from R to V. 

31. If now, inſtead of depreſſing the Drop from A 
to C, we ſuppoſe a Drop placed in each Point-4, B, C, 
D, E, F, G; then theſe will ſeverally ſend an original 
Ray to the Eye, according to their Situations in reſpect 
of it. Thus the Drop in A will refract the Red-mak- 
ing Ray GR; the Drop B will refract the Orange 
Go; the Drop C che Vellow Gy; and fo the other 
Drops D, E, F, G, will by the Rays G 55 Gb, Gi, 
Cv, excite the ſeveral Colours, Green, Blue, Indigo, 
Violet, all at the ſame Time; and therefore all that 
Part of the Rain from A to G will appear variouſly co- 


loured, as is repreſented in the Scheme; 


31. Naw. 
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ther at G or H, to form a ſtrong and dif, 
tint Image of the Sun; which Rays, 
| therefore, 

31. Now let SP be a Line drawn through the Spec. 


tator's Eye at A, parallel to the Sun's Rays 8 N, 
conceive the ſeveral Rays GR turning about the Tin 


AP as an Axis, and always under the ſame invagiable 

Angle GRP; tis evident, the Extremity of eg 

would in the Cloud or Rain deſcribe a Circle hi 

would be the Baſe of a Cone whoſe Axis is AP, and 
its Vertex A; and for the ſame Reaſon that the Drop / 
excites the Senſation of Red, every Drop in the Circle 
deſcribed by the Extremity of the Ray el R will excite 

the ſame Senſation ; thus will a red circular Arch A 

be formed as far as the Rain extends. Next to that the 

Ray B A, by revolving, deſcribes the Arch of an Orange 

Colour, as BI; the Ray CA will in like manner trace 

out the Yellow Circumference, as CK; and ſo of all 

the reſt, as repreſented in the Figure. 

32. Hence the Second Phanomenon, viz. the circular 
Form, is accounted for; and alſo the Third, which is 
the Breadth of the Bow ; for that will be equal to the 
Angle ARG@=RGV = 29 45), where the Ray, as 
here, emerges after one Reflection. Theſe Particulars 
are repreſented more gompleatly in the Figure, where 
BG D is the red Circumference formed by the Rotation 
of the Ray AG, that can farſt come to the £0 at A; 
and Cg . is the Violet Arch formed by the leaſt re- 
frangible Ray g A; after which the Rays are all re- 
fracted below the Eye. And thus by the interme- 
2 and Colours the whole interior Bow is pro- 

Prey ; 

33. The Fourth Phenomenos is the rawce of Tus 
ews. This follows from hence, that after an efficacious 
ay of Light $ N, entering a Drop of Rain, has been 

twice reflected on the fartheſt Side at F and H, it will 

emerge refracted into all its ſimple or conftityent Rays at 

G upon the upper dide of the Drop, ſo as to make with 

the incident Ray the Angle GYN or 8 YA = 5 10. 

if that Ray be * Violet Sort, or moſt refrangible, (oy 

- Art. 26.) but if it be of the red or leaft * 
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Art. 25.) _ 
| . Therefore all thoſe Drops which are ſo fituated 
aroutd the Eye, that their refrangible Rays ſhall 
fall upon it, muſt with thoſe Nays make an Angle with 
the Line AP paſſing through the Eye parallel to the 
Sun's Rays, viz. the Angle G AP, equal to the Angle 
SYA, or GAP = $ * 10'. Thele Rays therefore 
will every where exhibit a Violet Colour in the Ar 
PGL. For the ſame Reaſon thoſe Drops whoſe le 
refrangible Rays fall upon the Eye at A, make 
Angle g AP = 50% 38“; and fo the Ray As, revolv- 
ing about the Axis A Q will deſcribe the circular Arch 

K, which will exhibit the deepeſt Red; and all the 
Drops between G and g will paint the ſeveral other co. 
lour'd Peripheries, all which together will compleat the 
exterior Bow. 28 

35. The Fifth Phenemengn is the greater Breadth of 
the exterior Bow. Thus, if from 54 10” we ſubdu 
500 58˙, we ſhall have 3* 12 = Gg = the Width of 
the outer Bow ; which therefore is almoſt twice as wide 
as the interior Bow. | 

36. The Sixth Phenomenon is the Diſtance between 
the two Bows, which is thus determined; From the 
Angle which the leaſt refrangible Ray in the upper Bow 
makes with the Axis AP, viz. 509 58 fubtra&t the 
Angle 42* oz” which the moſt refrangible Rays make 
therewith in the lower Row, and the Remainder 800 

6=g AF is the Arch of Diſtance between the 


8. 5 

7. The Seventh Pbænomenon is the inverſe Order of 
4 in the two Bows, This follows pu the ped 
trary Parts of the Drop on which the Ray is incident, 
and from whence it emerges and is refracted. Thug 
becauſe the Rays SN enter the upper Part of the Drop 
and emerge from the lower, tis evident the Ra s te- 


fracted in this Caſe ( viz. in the interior Bow) will have 
f Situation quite the reverſe of thoſe which enter on the 
ower Part of the Drop, and are refracted. from the 
upper, as in the exterior Bow, whoſe Colours are Vio- 
let, Indigo, Blue, Green, Yellow, Orange, and Red; whilſt 
thoſe of the other are Red, Orange, Yillow, Green, Blue, 


brdige, 
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Indigo, and Violet; counting from the upper Parts 


downwards in both. | | 2 

38. The Eighth Phenomenon is the Fuintneſi of the 
exterior Bow in . of the interior one. This is 
the Conſequence of the Rays being twice reflected with- 


in the Drops which form the outer Bow. They who 


make the Experiment in a dark Chamber may wonder 
when they obſerve how large a Part of the Beam (that 
enters the Globule at N) goes out at F, that there 
ſhould be enough in the remaining Part FG to exhibit 
the Colours fo 2 and vivid in the firſt Bow as they 
appear; but then conſidering how much of this reſidual 
Ray is refracted at G, tis rather Wonder how the very 
ſmall Part reflected to H ſhould there when refracted be 
in Quantity ſufficient to excite any diſtinct Ideas of Co- 
Drall. | by 

39. The Ninth Phenomena is, that ſometimes more than 
two Bows appear ; as in a very black Cloud I have my- 
ſelf obſerved four, and a faint Appearance of a 72 8 
But this happens rarely. Now theſe ſpurious Bows, as 
J may call them, cannot be formed in the Manner as 
the two principal Bows are, that is, by Refraction after 
a third, fourth, fifth, &c. Reflection; for the Beam is 
by much too weak to exhibit Colours by Refraction, 
even after the Herd Reflection only, much leſs would it 
after a fourth or fifth. Beſides, though after a third and 
fourth RefteCtion of the Rays they ſhould be ſuppoſed 
capable of ſhewing their = yet the Bows made 
thereby would not appear at the ſame Time with the 
other two, nor in the ſame Part of the Heavens, but in 
the Rain between us and the Sun, and muſt be viewed 
by the Spectator's Face turned towards the Sun, and 
not from it, as in the other Caſe. 

40. To account for the Appearance of theſe colour'd 
Rings within the interior primary Bow, we ſhall here 
tranſcribe what the learned Dr. Pemberton has wrote up- 
on the Subject. He obſerves, that Sir * Newton 
takes notice, that in Glaſs which is poliſh'd and quick- 


filver'd there is an irregular Refraction made, whereby 
ſome ſmall Quantity of Light is ſcattered from the prin- 
cipal reflected Beam. If we allow the ſame Thing to 


happen in the Reflexion by which the Rainbow is 
1 cauſed, 
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cauſed, it ſeems ſufficient to produce the Appearance 
now mentioned, x: TR Wa 
41. Let AB repreſent a Globule of Water, B th 
Point from whence the Rays of any determinate Speci 
being reflected to C, and afterwards emerging in th 
Line C D, would proceed to the Eye, and cauſe the 
Appearance of that Colour in the Bow which appertains 
to this Species. Here ſuppoſe, that beſides what is re- 


381 


fected regularly, ſome ſmall Part of the Light is irre- 


, gularly ſcatter'd every Way; ſo that from the Point B, 
beſides the Rays that are regularly reflected from B 
to C,. ſome ſcattered Rays will return in other Lines, 
azin BE, BF, BG, BH, on each Side of the Line 
BC. | 1 5 


42. Now it has been obſerved ( Aunotar. CXXI.) - 


that the Rays of Light in their Paſſage from one Super- 
ficies to another, in any refracting Body, undergo al- 
ternate Fits of eaſy 2 and Reflection, ſucceed- 
ing each other at equal Intervals, inſomuch that if they 
reach the farther Superficies in one of thoſe Fits, they 
ſhall be tranſmitted ; if in the other, they ſhall be re- 
flected back. Whence the Rays that proceed from B 
to C, and emerge in the Line CD, being in a Fit of 
eaſy Tranſmiſſion, the ſcatter'd Rays that fall at a ſmall 
Diſtance without theſe on either Side (ſuppoſe the Rays 
BE and BG) ſhall fall on the Surface in a Fit of eafy 
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Reflection, and ſo will not emerge; but the Rays next 


to theſe, viz. B F and BH, ſhall arrive at F and Hin 
ds of eaſy Tranſmiſſion, and ſo be refracted in the Rays 

'and . 

43- Now theſe Rays will emerge, ſo as to contain 
a leis Angle with the incident Beam 8 N than the Ra 
CD, which was ſhewn to make the. greateſt Angle 
therewith of all others whatſoever : (See Art. 5, 22, 
23.) The Colours therefore which they exhibit muſt 


appear within thoſe of the primary Bow. And if we - 


ſuppoſe other ſcatter'd Rays without theſe to emerge 
(having the intermediate Rays intercepted by Reflection 
_ will contain Angles ſtill leſs with the incident Ray 
SN, and will therefore form colour'd Arches ſtill with- 
in the former; And this may be conceived for divers 
Sueceſſions. 


3 | 44. Now 
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and Refrattions form Arches variouſly mixed t 
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44. Now as the ſcatter'd Rays by varibus Reflelticif 


fome of theſe by the lighter Colours may, be Joſt in thy 
Inferior Part — the 1 Bow, 1 a contribute 


to the Ned Tincture which the Purple bf that Bow uſuale 
1y has. "The darker Colours of thaſe refrafted ſcatter'd 
Rays form the Arches which reach below the Bow, and 
are ſeen diftin& ; of which the firſt has gy bg ; 
dark Green, and Purple; the ſecond has a Green and 
Purple; the third a fuint Green and vaniſoing Purple; 
45. The Diſtances between the Bow and theſe lecon- 
dary Arches 7 5 on the Site of the 970 ; to make 
them in any Degree ſeparate, tis requiſite the Drops 
ſhould be exceeding ſmall. It is therefore moſt likely, 
that they are formed in the Vapour of the Cloud, whiah 
the Air, being agitated by the Rain, may ene down 
with the larger Drops; and this may be the Reaſon why 
they never appear but under the upper Part gf the Boy 
only, this Vapour not deſcending very low. As a Con- 


firmation of this, theſe Arches are ſeen irongeſt when 


the Rain falls from very black Clouds, -which.cauſe the 
Herceſt Rains; and therefore produce the greateſt Agita- 


' tion of Air. Thus far Dr. Pemberton. 
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46. But to return: The Tenth Phænomenoen is, the 
Appearance of the Bows in that Part of the Haruent pe- 
ſite to the Sun. This neceſſarily happens from the inei- 
dent and emergent Ray being both on one Side of the 
Drop, for tis evident that in order to fee the Colours; 
we muſt look to that Part againſt which the Sun ſhipes: 

47: The Eleventh Phenomenan is, that they never up- 
pear but when” anti where it rains; This is becauſe Rain 
effords a ſufficient Plenty of Drops, or aquebus Sphe- 
rules, proper to reflect and refract the Light fit for this 
Purpoſe, which cannot be done without a requiſite S ige 
Figure, and Diſpoſition of the Particles, which the Va- 
pour of the Cloud does not admit, and therefute Clouds 
alone exhibit no ſuch Appearance. 1 

48. The Twelfth Phænomenon is, the Dimenſian of the 
Bows. This is determined eaſily, for continuing the Axis 
AP to Q the Centre of the Bows, we have the Semi- 
diameter of each Bow in the Angle QA g, or QAGj 
the double of which gives the Angles which the whole 

Diameters 
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Hiameters of the Bows ſubterd, and are thetefore the 
Meafure of their Magnitude, 475. 
49. The Thi Phtenymenon is, the Altitude of the 
Br abtve the Horizon uf Surfare of the Barth: This is 
equal to the Angle G AT, which may be faken by a 


Quadrant, or it may be known for any Time by having 


ivet the San's Altitude, which is equal to the Ang 
TA Q which. therefore fubducted from the oonſtant 
Angles QA F, vor QA V, will aways leave the Angle 
of the apparent Height of the Bow. 

50. Hence it f that when the Sun is in the 
Horizon, the Lines QA and T A will coincide, and 
therefore the Points Cand T; whence, in this Caſe, 
the Bows will appear compleat Semicircles ; as on the 
other Hand, when the Altitude of the Sun is equal to 
the Angle QAF == 42% 027, or to QAY = 549 x9, 
the Sutnmits of an er will be depreſs'd below the 
Horizon, and therefore within a certain Interval in 
many Days, in the Summer-Time, no Rainbow can 
appear, 13 

51. We have hitherto conſidered the Bows, and 
given their Dimenſions, ſuch as they would have were 
the Sun but a Point; but becauſe the Sun ſubtends an 
Angle of half a Degree, or 30 Minutes at a Mean, 
therefore the Breadths of the Bows. will be increaſed, 
and their Diſtance decreaſed by half a Degree, and fo 
the Breadth of the interior Bow will be 2 15, and that 
of the exterior one 3* 42, and their Diftance'8? 26, 
alſo the greateſt Semidiameter of the interior Bow 42 
17”, and the leaſt of the exterior Bow 50% 4.3". 

52. For let SF A be the Angle of any one particu- 
lar colour'd Ray coming from the Centre of -the Sun, 
and reflected from the Drop to the Eye at A. In the Ray 
$$ take any Point 8 at Pleaſure, and make the Angles 
FS N, FS M, each equal to 157, as alſo the Angles 
FAM and FAN ; then will SN be Part of a Ray 
N coming from the lower Limb of the Sun, 8 Ma 
Part of a Ray M coming from the upper Limb; and 
fo the whole Angle NNM = m8 n = 30”, the Sun's 
apparent Magnitude. 3 8 

3. Join S A; and ſince the Sums of the Angles at 
the Baſe SA of the ſeveral Triangles AS N, A8 FE, 
. 1 A 8 M, 
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Angles at N, F, M, are alſo equal to each other. 
Wherefore the Angle SM A will be that which the 
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any tranſparent 


by 


/ Lienr and Colopns:; 
ASM, are equal themſelves, their vertiea 


emergent Ray makes with the incident Rays 8 M of the 
ſame Colour, as before, coming from the higheſt Point 
m of the Sun, and S NA of that which comes from 
the loweſt Point of the Sun 2. Therefore, if all the 
Rays of the Sun were of one Sort, the apparent Breadth 
of the Bow, meaſured by the Angle MAN, would be 
but 30 or half a Degree. WF: | 
54. But ſince the Rays of the Sun are differently re. 
frangible, conceive the Dro F to be placed any where 
in the inward or outward Verges of the Bows (above 
deſcribed) and then it is manifeſt that the Angle FAM 


muſt be added to the Inſide, and FAN to the Out. 


fide of the Angles, which the Breadths of thoſe Bows 
ſubtend at A, to obtain their apparent Breadths ; which 
therefore will be ſuch as are Jekined in Article 51. 

55. I deſigned here to have added Dr. Halley's Me. 
thod of diſcovering the Ratio of the Sine of Incidence 
to that of Refraction, by having given the Angle which 
an efficacious Ray, as 8 N, contains with its emer- 
gent Part GA; but as this Angle is determined only 
by Experiment, and the Calculation brings us to a Cu- 
bic Equation, I think it a Matter of too_much Intri- 
cacy to trouble the Reader with in this _ eſpeci- 
ally as it is ſo eaſy to determine the refractive Power of 
odies, by the experimental Methods 
before deliver'd. (See Annotat. CXVII.) 

56. I have often taken Notice (with Mr. Vin 
of the Silence of Authors concerning the Reaſon why 


the Iris, or rather a ſtrong and deeply colour'd Cn 


does not appear about the Sun in the falling Drops of 
Rain, at the Diſtance every way ef about 25 Degrees; 
becauſe at that Diſtance from the Axis, the efficacious 
Rays 8 N, 5 x, po, after Refraction into the Drop are re- 
fracted a ſecond Time at F towards the Eye at I, For 
if SBQ be the Axis of the Drop, we have ſhewn the 
Angle BN = 59* 23 (Art. 21.) and the Arch NF= 


99 36'; therefore the Arch FQ=21®, whereforein 


' a Glaſs Globe of Water, held in the Sun's Light ina 


dark Room, we ſee a colour'd Cirele or Corona AD d 


Ur 
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of ab6ut 42 Degrees in Diameter, and. the Superficies 
within it extremely luminous, as containing all the Sun- 


Beams that fall on the fore Parts within 60 Degrees all 


round the Axis. 


blended together, they produce only a white Light; 
whereas on the Circumference F D A, where the effi- 
cacious Rays fall, there all the Colours of the Bow ap- 


pear; and from thence many have wondered why we 
ſe not a Circle coloured with ſtronger Tints than even 
the primary Bow itſelf, from this Refraction of the effi- 


cacious Rays in all the Drops of Rain between us and 
the Sun from the Circle FD A. But we are to obſerve, 
with Mr. Mhiſton, that the efficacious Rays SN, n, 
po, which are parallel when incident on the Drop, are 
not ſo when refracted at their Emergence at F; for be- 
ing there refracted to one Point, they are not parallel 
within the Drop, and therefore cannot be ſo after their 
Emergence, but will proceed diverging to the Eye at I 
in the ſeveral Directions FI, Fr, Fg, and therefore 


will not be ſufficiently denſe, and at the fame time too 


much blended with others to excite any Senfation of 
Colours, | 1 * 7 

58. But why it ſhould be ſaid, this variegated Circle 
ought to appear at the Diſtance of about 26 Degrees 
from the Sun, I do not ſee; for the refracted Ray F I 
contains an Angle FMG with the incident Ray S N 
produced to G) of 389 22 for tis plain that NM = 

F, and therefore the Angle MNF =MFN= 
CNM — CNF= 59? 23.0 4 12” =10? 11; 
but the external free IMG=MNF+MFN= 
389 22/, and conſequently this is the Angle of Diſtance 
at which ſuch a Bow — appear all round the Sun. 


SCHOLIUM, 


59. In Article 5. it is aſſerted, that the efficacious 
Ray SN makes the Arch QF a Maximum by its re- 
fracted Part NF. To prove this, let Radius CN = 
CB x, the verſed Sine BA=x, and CD g x, and 
by the Nature of the Circle QB: BN: : BN: AB, 


therefore BN = 2x, Again, let a = Ratio of the 
Vol. II, Cc Incidence 
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Incidence and penis then n becauſe I: R: ND: 
CD, we hayeND =5:CD =ax;. likewiſe. from 
the ſimilar Triangles BN D and F Q D, we have ND: 
NB:: QD: Q; that is, a=: A 41: 
Nr r. " | 


** This Value QF is to be determined to a Mex- 
imum ; in order to this we Ran the given Part 


> - — we take the variable Part SZ! . 5 = 
W- IL Ws * 1 1155 
7 * A2. theft. 


>> 


— — —I 
mvking: its Fluxion L's 4—1 2 x "#+£ 


2 1 o; or (multiplying by 22 #) 2 = —=2xX 


+ 2x2 = . Whence 2 xz =zx—2*#, and == 


* — 2 * x 


8 We muſt now find another Value of Z in order 
to exterminate it, which we find from the right-angled 
Triangle NAD, where N D* = AN- FAD; that 
is, a* 2 =2"+ 22=2+£+ 1, which in Fluxtons i. is 
24 E EA TZ - 24 - = therefore z = 

0 EI 

== 
à2 — 4 2— * —1 2 x 
— 242 Z+3#—1=0; now by Means of this 
and the preceding Equation a* z* = 2* 22— 24 
+1, if we throw out x, we ſhall get this cubic Equation 
2 =O 2 —@ - 355372 whoſe Roots 


3 Whence 2* — 4 z* 


will be found à = — , z = — . 3 = = 


7 —.— — — of which the two firſt being negative, are 
of no ve, therefore the Arch QF is a Maximum when 
C D= = 15 . 


42 —1 


62. By 


th. 
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therefore, entering at the Point N, are called 


Efficacious Rays, to diſtinguiſh them from 

the reſt which are ineffectual (C XXIV). 
62. By inſerting this Value of 2, into the Equation 

4 =2* +22—2 x21; we get this Equation & = 


1 


IDE x fac A A fince 
2 NN Ry 4 


2—1 


" l 


in Caſe of the leaſt refrangible Rays, we have * — 2 


therefore 2 th 
461 


the verſed Sine of the Angle .BCN,= 59 23, the 
ſame as was found before in Article 21. Allo if we put 


a= 152 (See Art. 19.) we ſhall have the Angle BCN 


=582 40' for the moſt refrangible Rays, as in Ar- 
ticle 23. 9 

63. Alſo we get the Value of QF = —— Wax 
=0,3648, which is the Chord of 219 027 = Q F, 
as was before ſhewn, Article 56, Hence all the Parti- 
culars relating to the principal Bow are eaſy to be under- 
ſtood ; and this is an egregious Inſtance of the extreme 
Uſefulneſs of the \Fluxionary Calculus in Natural Philo- 
ſophy. This noble Theorem was firſt given us by Mr. 
Stewart in his Comment on Sir 1/aac Newton's Qua- 
dratures. DET e d WOE 2 


64. If BN Q were a Globe of Glaſs, then @ = 


5 CD=z= 1, 5492, and the Arch BN = 497 48; - 


alſo the Arch QF = 11® 22. Some other conſiderable 

Uſes, which may be made of this Theorem, will be 

conſidered in the next Lecture of Optics. TI 
(CXXIV) 1. Concerning the Production of Ha- 


Lo's, our illuſtrious Author has left us to make the beſt. 


Shift we can in — for it ; having ſaid nothing 
| 40 2 


= 1,964 = CD; and AB r, 4908 
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of this Phænomenon that can be of any Service to help 
us in this Diſquiſition. He-intimates, indeed, that He. 
lei are formed by the Light which comes through the Drops 
of Rain by two Refrattions (viz. at N and F,) without any 
— ae but how this can be is not eaſy to conceive, 

e have ſhewed that a Rainbow or deeply coloured 
_ might have been expected at the Diſtance of about 
38 


egrees from the Sun, and alfo why it cannot hap- 


* For the ſame Reaſon we ſhould alſo not expect an 
Halo to be formed by the ſame refracted Rays, viz. on 
Account of their not being refracted parallel to the Eye, 
and conſequently not entering it denſe enough to rendet 
that Part ef the Heavens more luminous than the reſt, 
or to produce the Jucid Ring we call by this Name; 
Again, Sir Iſaac ſays, it ought to appear ſtrongeſt at the 
Diſtance of about 26 Degrees from the Sun (vis. when 
the AngleI M G =26®) and to decay gradually both ways. 
But though our Author did not undoubtedly affert any 
Thing without very great Reaſon, yet this does not ap- 
pear-to us, | — 

3. For that tie Angle I M G may be 26 „ 
the Angle of Incidence BCN muſt be about 46, and 
then the Angle of Refraction C NF will be near 33 
Degrees; but why ſuch an Incidence and Refraftiqn 
ſhould cauſe the Rays to be refracted in greater Plenty 
to the Eye than any other, does not appear to-me, nor 
can I find it by any Experiment. On the contrary, as 
the Angle IM G increaſes with the Angle of Incidence, 
and conſequently with the Angle of Refration, it is 
evident that with reſpe& to heterogeneal Light, the 
greater the Angle IMG is, the more will it be refracted 
and ſcattered ; and conſequently, the farther the Drops 
are ſituate from the Sun, the leſs denſe will be the Light 
tranſmitted by Refraction to the Eye, which therefore 
ought to decreaſe as the Diſtance from the Sun increaſes. 

4. As Sir Iſaac Newton has ſaid but little, ſo his Ex- 
poſitors, Dr. Pemberton and Dr. $£Graveſunde, have 


thought fit to be abſolutely filent on this Head. Mr. 


Hugens has advanced an Hypotheſis by which the Phe> 
nomenon may be ſolved, if we grant him all his Peti- 
tions. And ſince none of our great Philoſophers, not 
cyen Sir Jſaac himſelf, have undertook to 3 
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but on the contrary ſeem rather to approve of it, as 
Sir Iſaac in his Optics, and Dr. Smith in his, has 
adopted the ſame entirely; I think upon theſe Accounts, 
and confidering the Character of the great Authar, the 
Reader will be pleaſed to have the ſame in a very con- 
ciſe Manner repreſented to him. ; 

5. _ P — is, That — a certain Globules 
in the Atmoſphere conſiſting of a Coat or tranſparent 
Ice or 25 containing 2 Nucleus — with- 
in; and that theſe are made from Particles of Snow, 
(which is in itſelf opake) attracting the aqueous Par- 
ticles in the Vapour or Exhalation by which it is ſuſ- 
tained, which gatheringjtogether form the pellucid Shell 


of Water, or are frozen into a cryſtalline Shell of Ice; 
and this he thinks is proved to be Matter of Fact by the 


Hail-ſtones which fall to the Earth, for theſe (ſays be} 


when broken do diſcoyer ſome Snow at the Centre. 

6. Theſe Things premiſed, he addrefles himſelf to 
the Solution as follows: Let AB CD repreſent ſuch a 
Globule, with, the opake Nucleus E F in the Middle of 
it; and let us ſuppoſe the Rays coming from G, H, to 
fall on the Side AD, It is manifeſt they will be re- 
fracted inwards from the Surface AD; from whence it 
follows, that a great Number of them muſt ftrike upon 
the Kernel E F. | 

7. Let GA and HD be the Rays which after Re- 
fraction touch the Sides of the Kernel E F, and let 
them be refracted again at B and C, emerging in the 
Lines BK, C K, crofling each other in the Point K, 
whoſe Diſtance from the Globule is ſomewhat leſs than 


its Semidiameter. 


Plate 
XLIV. 


Fig. 4. 


8. Wherefore, If B K and D K be produced towards 


M and L, it follows that no Light coming from the 
Sun through the Globule can proceed to the Eye any 


where placed within the Angle L K M, or rather in the 


Cone which that repreſents, ſuppoſing that the Obli- 
quity of the Incident Rays HD and G A is ſuch as 
ſhall make the Arch QC and QB the greateſt poſſible; 
(ſee the laſt Note, Art. 5.) for then all the Rays exte- 
rior to HD, G A, will be refracted nearer to Q, and 
after Emergence croſs each other in a Point 4 nearer the 
Globule than the former, and therefore cannot come at 
the Eye placed within the ſaid Cone LK M. 
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9. Suppoſe now the Eye placed at N; and let N R, 
NQ, be drawn parallel to LK and MK; then 'tis 
plain, none of the Globules (the ſame as ABCD) 
within the Cone RN Qcan come to the Eye at N. 
Thus the Globules at O and P have their refracted 
Rays 44d and cd including the Eye in the Cone of 


Obſcurity: But other Globules, which lie without the 


Cone QN R, as S and F, do not involve the Eye N 
by the ſhady Cones. Ie and F4 m ; and therefore ſome 
of thoſe Rays, which are more refracted than 4 e or / 
will fall upon the Eye, and produce a luminous ci 

Ring or Corona, including a dark Area within, and 
whoſe Light outwardly decreaſes as it is more remote 


from the Centre. 


10. Much after alike Manner this great Man under. 
took to account for the Appearances of Maci- duns and 
Mocl-Mocnt, called Parhelia and Paraſelenæ or Corona; 
which I ſhall not here detain the Reader with, becauſe I 
cannot help thinking the Whole is but too much like a 
mere (though ingenious) Hypotheſis ; having never ob- 
ſerved in any Hail-ſtones any ſuch opake Kernels, ſo 
regularly formed, and ſurrounded by ſuch regular Shells 
of pellucid Ice as is here ſuppoſed. However the Reader 
will be agreeably entertained by peruſing Mr. Hugeni's 
learned Diſſertation on this Subject, printed at the End of 
his Dioptrics in his Opuſcula Pofluma. . ©7299 

N. B. I have let the Account of the Abberration of 
Light in the fired Stars ſtand here, both in this and the 
following Volume, as it was in the firſt Edition; tho“ 
the Methods of Reaſoning and Demonſtration by which 
it is ſupported arc ſuch as upon a more nice Examination 
are by no Means ſatisfactory to myſelf, at leaſt I cannot 
reconcile them to the Notions I have of the Nature of 
Viſion, the Laws of Optics, nor the Accounts which 
have been given of Experiments made on this Subject by 
Perſons of no ſmall Character, who ſeem to be as little 


znclined to take upon Credit, the Truth of this univer- 


fally celebrated Doctrine (vel jurare in Verba) as myſelf, 
(See Annot. CXII. and CXLV. Art. 19, &c.) The 
Arguments which render this Diſgayery ſuſpected, I may 
take an Opportunity one time or other to declare. 
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